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THE   TRANSLATOR. 


The  germ  of  meteorology  is^  as  it  were^  innate 
in  the  mind  of  an  Englishman ;  the  weather  is  pro- 
verbially his  first  thought  after  every  salutation;  it 
comes  to  him  intuitively ;  and  is  so  a  part  of  him 
that  we  can  scarcely  imagine  him  to  meet  his  friend 
without  giving  utterance  to  the  usual  truisms  of  *^  fine 
day!"  "rainy  weather!"  "very  cold!"  And  who 
of  us  does  not  pride  himself  in  the  possession  of  a 
few  weather-axioms^  by  which  we  think  to  foresee 
the  coming  changes?  Some  of  these  axioms  are 
sound ;  others  are  essentially  true^  but  are  often  mis- 
applied; while  a  large  portion  are  false.  That  the 
latter  sliould  be  a  large  class  is  obvious;  because 
the  casual  observer  is  too  apt  to  draw  general  rules 
from  particular  cases,  without  taking  into  account,  or, 
perhaps,  without  being  able  to  take  into  account,  all 
the  accidental  circumstances  that  may  be  present. 
The  only  means  we  possess  of  eliminating  these 
K>uroes  of  error,  and  arriving  at  the  general  laws 
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whicli  govern  atmospheric  phenomena^  is  a  course 
of  faithful  and  unwearied  observation^  followed  by 
sound  and  accurate  deduction.  The  scientific  world 
have,  within  the  last  few  years,  been  awakened  to 
the  importance  of  this  course  j  and  very  efficient 
means  are  in  progress,  and  very  plain  instructions 
have  been  published,  toward  the  attainment  of  the 
object  in  view.  In  the  meantime,  we  must  be 
reminded  that  many  stumbling-stones  have  been 
already  removed ;  and  that  the  path  of  meteorology 
has  been  trodden  very  effectually  to  a  considerable 
extent.  There  does  not  exist,  however,  in  the  Eng« 
lish  language  any  complete  treatise,  from  which  the 
ardent  student  can  gather  a  faithful  account  of  what 
has  been  done,  and  learn  what  remains  yet  to  be 
done.  It  is  hoped  that  the  present  translation  will 
supply  this  blank  in  our  scientific  literature.  M. 
Kaemtz,  the  author  of  the  treatise,  was,  for  several 
years,  professor  of  this  science  at  the  university  of 
HaUe,  and  is  now  at  the  university  of  Dorpat; 
added  to  which,  he  is  a  skilful  and  indefatigable 
observer:  he  has,  for  instance,  almost  unassisted, 
made  at  Halle  a  barometric,  thermometric,  and  psy- 
chrometric  series  of  more  than  ten  consecutive 
years ;  he  has  studied  atmospheric  changes  in  Ger- 
many, on  the  Rigi,  on  the  Faulhom,  at  Deep  on 
the  coasts  of  the  Baltic,  and  at  Apenrade  in  Den- 
mark ;  and  low  temperatures  and  aurorse  at  Dorpat ; 
to  all  of  which  reference  will  be  made  in  the  course 
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of  the  work.  He  also  published  between  the  years 
1831  and  1836  a  learned  Treatise  on  Meteorology^ 
/all  of  original  research^  in  three  volumes  8yo.^  with 
the  title  Lekrbuch  der  Meteorologie ;  and  he  after<« 
wards  published  the  Course,  of  which  we  now  present 
a  translation. 

Soon  after  the  appearance  of  the  original  6ert 
man  edition^  a  French  translation  with  notes  was 
published  (1843)  by  M.  Martins^  a  philosopher^ 
well  acquainted  with  practical  meteorology,  having 
taken  the  observations  at  Norway  and  Spitzbergen, 
in  1838  and  1839,  in  the  voyage  of  La  Recherche  j 
as  also  observations  at  Paris,  on  the  Faulhom,  and 
elsewhere.  In  August  of  the  present  year  (1844), 
he  reached  the  summit  of  Mont  Blanc,  in  conjunction 
with  his  friend  M.  Bravais  :  to  the  latter  gentle- 
man we  are  indebted  for  several  notes  in  the  present 
volume,  he  having  communicated  all  the  results  that 
he  had  time  to  reduce  from  the  observations  of  the 
Commission  of  the  North,  and  from  those  made  on 
the  Faulhom.  His  notes  are  indicated  throughout 
the  work  by  the  letter  B ;  those  of  M.  Martins,  by 
the  letter  M. 

These  notes,  which  are  extracted  firom  the  most 
authentic  sources,  bring  up  meteorological  research 
to  the  period  of  pubhcation,  and  are  of  themselves  a 
sufficient  explanation  of  our  reason  for  preferring  to 
present  the  Enghsh  reader  with  a  translation  of  the 
French  rather  than  one  of  the  original  edition.    We 
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are  thus  enabled  to  fafnish  him  with  a  vast  amount 
of  highly  important  information,  which  the  original 
volume  does  not  contain.  But  we  may  add  to  thisj 
that  M.  Martins'  translation  is  enriched  by  a  valuable 
Appendix,  firom  the  hands  of  M.  Lalanne,  to  which 
we  would  specially  direct  attention,  under  the  con- 
viction that  when  properly  studied,  and  duly  reduced 
to  practice,  it  will  be  found  a  very  important  aux- 
iliary to  the  study  of  the  science.  The  following 
extract  from  M.  Martins'  appendix  explains  the 
nature  of  this  appendix,  and  also  describes  the  alter- 
ation he  has  made  in  the  volume : — 

"  I  have  been  no  less  powerfully  assisted  by  my 
friend  M.  L&oN  Lalanne,  Civil  Engineer.  He  has 
given  a  graphic  representation  of  forty-two  numerical 
tables  out  of  a  hundred  and  thirteen,  according  to 
the  common  system  of  two  rectangular  co-ordinates^ 
and  according  to  another  system  of  three  co-ordi- 
nates, the  use  of  which  he  was  the  first  to  generalise, 
and  the  principles  of  which  are  explained  in  the 
Appendix.  These  graphic  representations  are  an 
immense  service  rendered  to  meteorology ;  for  they 
possess  the  threefold  advantage, — of  setting  before 
the  eye  numerical  results, — of  representing  the  laws 
of  which  they  are  the  expression, — and  of  shewing, 
by  the  irregularity  of  certain  curves,  which  are  they 
that  do  not  represent  natural  laws,  and  that  demand 
a  greater  number  of  observations. 

"  M.  Lalanne  has,  moreover,  superintended  the 
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long  calculations^  which  were  necessary  to  transfonn 
the  tables  into  decimal  measures.  All  these  calcu- 
lations having  been  made  twice^  and  carefully  veri- 
fied, their  accuracy  may  be  depended  upon.  Thus^ 
ihen^  if  this  translation  possesses  any  advantage  over 
the  original^  it  is  chiefly  to  my  two  friends  MM. 
Bkavais  and  Lalanne  that  I  transfer  the  honotur; 
and  I  am  happy>  in  this  place^  to  express  to  them 
my  gratitude  for  their  active  co-operation. 

''  It  remains  for  me  to  point  out  the  substitutions 
whidi  I  thought  it  necessary  to  make  in  the  course 
of  the  workj  and  in  the  plates  which  accompany  it. 
The  text  of  the  author  has  been  respected  through- 
out; I  have  only  replaced  some  of  the  numerical 
tables  by  others  which  were  more  complete  or  exact. 

''The  table  of  minima  of  temperature  observed  at 
different  places  (p.  168)  has  been  increased  by 
adding  the  cities  of  Charlestown^  Athens,  Washing- 
ton, Montpellier,  Nice,  Pisa,  Lucca,  Florence,  Cama- 
jore,  Bologna,  Bangor  (U.  S.),  Turin,  Milan,  Mon- 
treal, Paris,  and  Bosekop.  Into  that  of  maxima  of 
temperature  (p.  169),  I  have  inserted  Catania, 
Palermo,  Naples,  Pavia,  Pisa,  Nice,  Cagliari,  Lucca, 
Bologna,  Turin,  Verona,  Milan,  and  Paris. 

''  The  table  of  the  mean  temperatures  of  a  great 
number  of  towns  given  by  M.  Kaemtz,  contained 
141  places;^ I  have  substituted  for  it  (p.  177)  that 
of  M.  Mahlmann,  pubUshed  by  M.  de  Humboldt, 
in  the  third  volume  of  his  work  on  Central  Asia, 
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entitled^  Recherches  sur  les  Chaines  de  Montagnei  ei 
la  Climatologie  comparie*  This  table  contains  the 
mean  and  season  temperature^  as  well  as  the  tempe- 
rature of  the  hottest  and  the  coldest  months  for  305 
places  in  the  two  hemispheres.  I  have  also  supplied 
the  place  (p.  228)  of  the  Kttle  table  of  the  limit  of 
perpetual  snows^  at  different  latitudes,  which  is  given 
in  the  German  book,  by  that  which  M.  de  Hum- 
boldt has  given  in  the  same  work. 

''  M.  Kaemtz's  table  for  the  reduction  of  the 
barometer  to  zero  extended  only  from  540  to  778 
millimetres;  for  this  I  have  substituted  M.  Del- 
CRos^  which  extends  from  400  to  800  millimetres 
(p.  241),  in  order  that  it  may  be  useful  to  those  who 
apply  themselves  to  the  determination  of  heights  by 
the  barometer.  At  page  243,  I  have  inserted  a 
small  paragraph  on  the  correction  of  the  barometer 
due  to  capillary  action ;  and  I  have  added  the  table 
constructed  by  M.  Delcros  for  making  this  correc- 
tion, which  is  of  such  importance  when  we  desire  to 
know  exactly  the  weight  of  the  atmosphere.  The 
chapter  which  treats  on  the  height  of  the  barometer 
at  the  sea-shore,  has  been  completed  (p.  277)  by  a 
table,  in  which  MM.  Schouw  and  Poggbndorff 
have  given  this  height  for  a  great  number  of  places. 
The  paragraph  on  the  influence  of  the  winds  on  the 
differences  of  level  calculated  by  the  barometer,  has 
been  replaced  by  that  which  M.  Kaemtz  gave  in  his 
preface,  as  presenting  results  more  conformable  to 
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frath.  These  are  the  substitutions^  which  I  have 
taken  the  liberty  of  making  in  the  text ;  they  are  a 
necessary  consequence  of  the  progress  of  meteor- 
ology. In  imitation  of  the  German  book^  I  have 
printed  the  names  of  men  in  different  characters 
from  those  of  the  context.  At  the  end  of  this  book 
will  be  found  an  alphabetical  list  of  these  names^ 
which  will  facilitate  the  search  after  facts  or  theories^ 
of  which  the  most  faithful  memoir  has  often  retained 
nothing  beyond  the  name  of  the  author. 

"  M.  Lalanne  having  graphically  represented 
the  greater  part  of  the  tables^  I  have  substituted  for 
Plate  I.  of  the  German  text  that  of  the  frontispiece^ 
which  represents  a  halo  that  I  observed  in  Sweden^ 
with  M.  Bravais.  It  appeared  to  us  worthy  of 
being  represented;  because  it  presents  in  one  all 
the  circles  and  arcs  which  have  most  frequently  been 
observed^  and  which  theory  explains.  At  page  430 
will  be  found  a  note^  in  which  this  figure  is  com- 
pared with  the  projection  of  a  complete  halo  given 
by  M.  Kaemtz^  PL  v.  fig.  3. 

"  Plate  n.  of  the  German  book  was  partly  occu- 
pied by  curves ;  I  have  replaced  them  by  a  general 
figure^  and  by  the  details  of  Fortin^s  barometer  as 
modified  by  M.  Delcros, — a  barometer  equally  suited 
to  meteorological  observations  and  to  levelling. 

"  Plate  III.  representing  the  clouds^  left  much  to 
be  desired  in  point  of  execution ;  I  have  had  it  en- 
tirely done  over  again. 
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Plates  IV.  and  v.  have  been  faithfolly  copied. 

^'  Plate  yi.  of  the  original  work  represents  the 
isothermal  and  the  isogeothermal  lines  of  the  north- 
em  hemisphere^  laid  down  on  a  Mebcato&'s  projec- 
tion. I  have  preferred  giving  the  isothermal  lines 
only^  and  on  a  polar  projection^  which  has  the  ad- 
vantage of  shewing  how  the  curves  become  re-enter- 
ing in  the  high  latitudes^  and  form  the  two  firigid 
poles/'    . 

In  the  English  translation  I  have  included  the 
additions  alluded  to  by  M.  Martins^  in  the  above 
extract,  and  have  added  a  second  Appendix  of 
Notes,  in  which  I  have  endeavoured,  as  far  as 
practicable,  to  illustrate  certain  passages  in  the 
text;  and  to  describe  some  of  the  new  and  im- 
portant registering  instruments,  which  recent  neces- 
sities have  called  into  existence,  and  modem  science 
has  enabled  us  to  construct :  among  these.  Wheat- 
stone's  ElectrO'Meteoroloffical  Register  holds  a  first 
rank.  I  have  also  given  an  account  of  the  observa- 
tories of  Kew  and  Greenwich ;  and  have  describe 
the  instruments  employed,  iUustrating  the  descrip- 
tion  by  printing  a  fortnight's  observations  made  at 
Kew.  Plates  vii.  and  viii.  of  the  beautiful  aurorse 
seen  by  M.  Lottin  ;  Plate  ix.  of  Osler's  anemo- 
meter; and  Plates  x.  andxi.  of  Mr.  Wheatstgne's 
Register,  have  been  also  added  to  this  edition. 

CHARLES  V.  WALKER. 
Lcmdiony  Nov.  1844* 


INTRODUCTION. 


METBOKOiiOGT  18  that  part  of  natural  philosophy  which 
treats  on  the  phenomena  and  the  modifications  of  the  at- 
moapbere,  in  order  to  analyse  them  and  seek  their  explan- 
ation. Plunged  at  the  hottom  of  the  atmospheric  ocean  in 
^*^   the  earth  is  enveloped,  we  are  witnesses  of  the 


dtanffes  which  are  incessantly  going  on  in  it.     Serene  or 
doDcr^,  cold  or  hot,  calm  or  agitatec^  the  atmosphere  exer- 


a  powerful  influence  over  all  organised  heinfls.  There 
does  not  exist  a  man  who  has  not  asked  himself  what  tiie 
canae  is  of  these  continual  variations.  It  is  not  simply  the 
desire  of  knowledge  which  urees  him  to  this  inquiry ;  hut 
theae  questions  are  often  of  the  highest  importance  to  the 
husbandman,  the  sailor,  the  artisan,  and  the  physician. 
Oar  physical  and  moral  well-heing  depends,  in  a  great  mea- 
sure, on  the  condition  of  the  atmosphere.  When  the  sky 
has  remained  for  some  weeks  covered  with  dark  clouds,  the 
snirits  are  affected,  but  the  mind  becomes  serene  as  soon  as 
toe  sun  appears  again :  so  also,  during  changeable,  damp, 
aoftd  cold  w^Kther,  ute  number  of  invahds  is  aiwap  greater 
than  durinff  fine  weather. 

From  the  very  remotest  antiquity  men  have  been  oceu« 
pied  in  investigating  the  causes  of  these  variations.  This 
stady  even  preceded  that  of  natural  philosophy,  properly  so 
called,  because  it  embraces  the  most  striking  phenomena  of 
the  inoiganie  world.  In  the  works  of  the  Ureeks  and  Bo- 
mans,  we  find  a  multitude  of  observations  and  laws  carefully 
treasured  up.  Amonj^  all  nations,  even  the  least  dviliseo, 
traydlcars  have  met  with  some  notions  of  Meteorology.  It 
would  seem,  then,  that  this  science  ought  to  be  one  among 
the  most  advanced,  because,  for  thousands  of  years,  it  has 
been  the  object  of  the  labours  of  so  many  mtelligences. 
Unfortunatdy  it  is  not  so ;  and  a  &w  lines  will  simce  to 
ghre  the  reason. 

B 


2  INTBODUCTION. 

The  number  of  observations  on  the  modifications  of  the  at- 
mosphere is  doubtless  considerable ;  but  they  are,  at  the  same 
time,  observations  in  the  most  restricted  sense  of  that  word.  We 
obserye  the  phenomenon  presented  to  us,  but  we  cannot  mo- 
dify and  vary  it  at  pleasure ;  we  cannot  even  reproduce  it  at 
will.  In  a  word,  we  cannot  have  recourse  to  «x/)en?7ien/.  Our 
means  and  our  powers  are  much  too  limited  to  give  us  the 
power  of  producing  the  least  changes  in  the  atmosphere.  We 
are  hence  compelled  to  register  facts ;  and,  as  ^v.  Bencl&ell 
has  very  well  observed,  we  resemble  a  man  who  hears  now 
and  then  a  few  fragments  of  a  lon^  histoiy  related  at  distant 
intervals  by  a  prosy  and  unmethodical  narrator.  In  recalling 
to  mind  what  has  gone  before,  he  may  occasionally  connect 
put  with  present  events;  bat  a  host  of  circumstances 
(Hoitted  or  finrgotteo,  and  the  want  of  oonnezioD,  prevent 
hiB  obtaining  poasesskm  of  the  entire  story.  Were  we  allowed 
to  interrupt  tne  narrator,  and  ask  him  to  explain  the  ap- 
parent contradictions^  or  to  clear  up  any  doubts  on  obscure 
points,  then  might  we  hope  to  arrive  at  a  general  view.  The 
questions  that  we  would  address  to  nature  are  the  very 
experiments  of  which  we  are  deprived  ia  the  science  of  at- 
mospheric modifications. 

When  reduced  to  observation,  Meteorology  cannot  pos- 
sibly advance  at  a  pace  equal  to  that  of  the  odier  branches 
of  natural  philosophy.  To  attain  the  power  of  establishii^ 
laws,  we  are  compelled  to  roister  a  long  series  of  fiicts  ai«^ 
milar  in  i^[^pearancef  that  we  may  draw  from  them  some 
ffeneral  results.  These  beii^  once  obtained,  we  pass  oa  to 
die  study  of  isolated  variations.  We  know,  fbr  example,, 
that  tilie  barometer  is  ever  oscillating,  and  that  it  never 
ascends  without  its  afterwards  descendmg  again.  We  notice 
a  certain  connexion  between  the  state  of  the  atmosphere  ami 
these  variations  in  atmospheric  pressure.  In  like  manner, 
as  the  barometer  is  always  in  motion,  so  also  the  temperature 
does  not  rise  uniformly  from  the  coldest  degree  of  winter 
to  the  hottest  moment  of  summer.  Thus  cold  and  hot 
days,  in  so  fiur  as  the  season  is  concerned,  interrupt  tlus 
regular  march.  Knowing  that  the  weight,  and  oonseauently 
the  equilibrium,  of  the  difierent  atmo^eric  strata,  cnanges 
with  the  temperature,  we  may  inquire  whether  barometric 
oscillations  may  not  be  connected  with  these  cluiiupes  of  tem- 
perature. In  order  to  determine  whether  this  rebtion  does 
exist,  the  thermometer  and  barometer  are  observed  fi»r  a 
long  period  at  the  same  fixed  times.  We  examine  how  often 
and  how  much  the  two  have  varied  in  the  space  of  twenty- 
four  hours :  then,  grouping  separately  the  obtervations  in 
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lUjdi  ibe  baronaeter  had  ascended  or  deaceoded,  and  com* 

|iiin|  them  with,  the  eorrespondiDe  thenaometric  yariationsy 

Av  tend  ih&t  there  is  a  satnnd  oonnezioB  between  the 

tm  ^\ieiianicna>      When  the  barometer  riaes  to  a  certain 

d^sine,  the  tfaexmometer  falb  prc^portionately;  when  the 

httPBMtcr  &Ufl^  the  tfaennoneter  ziaea. 

In  Qflrder  to  obtain  a  knowledge  of  th^  laws  which  at- 
voapheric  pihenomflna  obey,  we  must  not  only  poeeeBS  a 
large  noinbrar  of  obeenratJoiiSy  bnt  it  is  farther  necessary 
titti  we  should  combine  them  in  sneh  a  manner  that  general 
hms  may  Y>e  separated  from  all  aecidental  disturbances.  It 
a  the  lattefr  wnieh  excite  oar  cariosity  in  the  greater  de* 
^ee;  hot  they  are  also  Teiy  difficult  of  e^^planatbn.  Who- 
ercr  has  made  obserrations  tar  any  penod  with  meteoro- 
logical instmments,  and  has  endeayoored  to  deduce  from 
ihem  any  general  laws,  cannot  have  faQed  to  find  that  the 
result  to  mich  he  has  arrived  is  in  formal  contradiction  to 
the  best  established  laws.  Thus,  in  a  general  way,  the 
thermometer  falls  when  the  barometer  rises ;  but  how  very 
often  is  Uie  contrary  observed !  How  are  these  anomalies 
to  be  explained  ?  Must  we  say  that  Nature  is  capricious  ? 
Aflsoredly  not ;  for  these  anomalies  are  due  to  the  action  of 
the  very  causes  which  give  rise  to  the  other  phenomena. 
An  isolated  observer,  however  much  he  may  be  supposed  to 
he  endowed  with  perseverance  and  sagacit^r,  could  not  pos- 
sibly arrive  at  a  piansible  explanation.  It  is  solely  by  com- 
panng  his  observations  witib  those  that  have  been  made  at 
other  points  that  a  satis&ctoiy  result  can  be  obtained. 

As  the  meteorologist  is  obliged  to  compare  observations 
made  at  very  distant  points,  we  can  anticipate  how  many 
obstacles  are  opposed  to  his  researches.  Oftentimes  these 
observations  do  not  exist ;  or,  if  th^  have  been  made,  they 
generally  embrace  only  Europe,  x  et,  in  order  to  explain 
certain  general  disturbances,  we  should  possess  observations 
at  a  great  number  of  stations  in  the  four  ouarters  of  the 
-worl^  that  we  may  see  what  the  causes  are  by  which  these 
distarfoances  have  been  produced.  No  phenomenon  is  iso- 
hUed :  as  will  be  seen  in  the  course  of  this  work,  it  is  always 
connected  with  those  of  the  entire  atmosphere.  But  what 
man  could  fii^ter  himself  that  he  could  collect  all  these  ob- 
servations ?  and,  if  he  possessed  them,  would  he  have  time 
to  combine  them  so  as  to  extract  all  the  results  which  they 
eontainP  Societies,  supported  by  governments,  can  alone 
undertake  this  task ;  ana  the  very  existence  of  Meteorology 
depends  on  association. 

Whatever  difficulties  may  have  hitherto  opposed  the 
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derdopement  of  this  sdenoe,  it  has  yet  made  very  notable 
progress  sinoe  the  end  of  the  last  oentuiy ;  and  it  now  ad- 
vances with  a  rapid  and  certain  pace.  Future  ages  will 
erect  the  edifice,  of  which  we  have  laid  the  foundations ;  and 
we  may  already  say,  with  certainty,  that  the  g^eral  plan  is 
simple,  and  that  its  apparent  complexity  only  arises  Iran  the 
close  connexion  of  the  parts  with  each  other, — a  connexion  so 
intimate,  that  it  is  difficult  to  circumscribe  the  limits  of  the 
phenomena.  These  difficulties  bein^  once  removed.  Meteor- 
ology satisfies  the  intellect  and  excites  the  curiosity.  The 
object  which  we  have  proposed  in  this  work  is  to  present 
the  sum  and  substance  of  the  best-established  laws  aim  facts. 
Fortunate  shall  we  be,  if  we  can  gain  some  recruits  to  a 
•science  that  can  only  advance  by  the  co-operation  of  a  large 
number  of  zealous  and  persevering  observers. 


i   m^  I 


CONSIDERATIONS 


OVTHS 


RANGE  OF  TEMPERATURE  IN  GENERAL. 


Thb  rtndy  of  Meteorology,  however  superficial  it  may 
be  fuppoeed,  inunediately  leads  us  to  recognise  that  heat 
plays  a  Yciy  important  part  in  the  atmosphere,  as  in  all 
the  rest  of  nature.  As  soon  as  the  importance  of  this  ag|^t 
had  heen  recognised,  the  sdenoe  made  rapid  proeress.  The 
ancient  philosophers  were  not  ignorant  of  its  iimnence,  hot 
they  knew  not  now  to  connect  it  with  the  entire  range  of 
thejmad  atmospheric  phenomena. 

The  intimate  nature  of  heat  is  heyond  our  reach.  We 
know  not  what  modificatians  occur  in  bodies  whose  temper- 
ature is  raised;  however,  we  have  heen  able  to  declare^ 
from  our  experiments,  the  laws  according  to  which  it  is  pro- 
pagated and  distributed.  I  will  unfold  tiie  most  important 
of  them  in  tiie  course  of  this  work,  and  we  shall  see  the 
i^dli^  with  which  they  explain  the  great  majority  of  at- 
mospheric disturbances. 

or  THB  THERMOM BTBK. — ^Among  the  instruments 
by  means  of  which  changes  of  temperature  may  be  studied, 
the  thermometer  occupies  the  first  rank.  Invented  about 
the  end  of  the  sixteoitn,  or  at  the  be^^inning  of  the  seven- 
teenth century,  by  Oauieoi  accordmff  to  some,  or  by 
]>rabb«i,  according  to  others,  it  is  stiU  one  of  the  most 
important  instruments  of  natural  philosophy.  It  shews  that 
all  bo^es,  on  being  heated,  increase  in  volume,  in  a  different 
proportion  for  each.    Scarcely  visible  in  solid  bodies,  this 
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dilatation  is  notable  in  liquids,  and  considerable  in  aeriform 
fluids. 

The  construction  of  the  thermometer  is  generally  known. 
A  tube  of  very  small  diameter  is  terminated,  at  one  of  its 
extremities,  by  a  spherical  or  cylindrical  reservoir;  the^ 
both  contain  a  liamd  or  a  gas,  generally  mercury.  It  is 
essential  that  this  liquid  be  not  mixed  with  air.  xhe  con- 
dition is  fulfilled  by  DoiUng  it  strongly  in  the  thermometer ; 
the  air  being  thus  driven  out,  the  extremity  of  the  tube  is 
dosed.  When  the  apparatus  is  cold,  the  mercurial  column 
possesses  a  certain  length,  which  varies  as  the  cistern  is 
heated  or  cooled.  In  order  to  obtain  the  value  of  these 
variations,  a  scale  is  fixed  along  the  tube,  or,  which  is  still 
better,  divisions  are  engraved  on  the  ^lass.  But,  in  order 
that  each  observer  may  trace  these  divisions  himself,  it  ¥ra8 
neoessarv  that  two  fixed  points  should  be  found,  which 
should  be  given  by  two  mvariable  temperatures.  After 
many  attempts  it  was  discovered,  on  plunging  a  thermometer 
repeatedly  into  pounded  ice  or  melting  snow,  that  the  mer- 
curial column  stopped  sensibly  at  the  same  point,**  whatever 
the  changes  of  temperature  were  to  which  it  had  been 
exposed  m  the  interval  between  the  experiments.  The 
CHime  is  the  case  if  it  is  exposed  to  the  vapour  of  boiling 
irater,  the  atmospheric  pressure,  indicated  by  the  baro- 
vieter,  remaining  the  same.  The  two  points  are  marked  on 
the  scale,  the  former  by  0,  and  the  latter  by  100,  in  the  centi- 
grade, or  CMstaa's  thermometer,  and  by  80  in  Kaavmnr's. 
The  interval  between  them  is  divided  into  100,  or  into  80 
eaual  parts  or  degrees^  according  as  one  or  other  scale  is 
auoptea.  If  the  stem  passes  th^  two  points,  the  f;radua- 
tion  is  prolonged  beyond  the  boiling  point,  followmg  the 
natural  order  of  the  numbers,  101,  102,  103,  104,  &c. 
Below  the  zero,  they  are  numbered  1,  2,  3,  4,  &c. ;  but  these 
are  termed  negative  dmees,  and  are  alwavs  preceded  by  the 
sign  (— )  mimu^  whust  those  above  tne  0  are   termed 


*  When  thermometers  are  gradaated  immediately  after  their  oonatme- 
tion,  at  it  the  general  praotloe,  or  wheo  these  InstramentSt  although  gradu- 
ated several  months  after  they  hare  been  conatrocted,  are  sutifeeted  to 
great  variations  of  temperature,  the  lero  is  liable  to  be  displaced ;  that  Is, 
the  eolamn  of  the  instrument,  when  plunged  anew  into  melting  snow,  no 
longer  rests  at  the  point  marked  aero,  wtiere  it  rested  at  the  time  when  It 
was  graduated.  This  correction  must,  thertfore,  be  Icnown ;  for  it  would 
give  rise  to  a  constant  error  in  every  degree. of  the  thermometer.  The 
-correction  is  generally  negative  Ibr  teo^raturee  above  that  of  melting  ice, 
and  positive  for  the  others;  becanae  the  column  of  the  thermometer,  when 
plunged  into  melting  snow,  generally  places  itself  higher  than  at  the  period 
of  graduation.  This  correction  bemg  liable  to  change  with  time,  careAd 
meteorologlflta  should  annuaUy  vwify  the  aero  of  their  tliermometen. — ^M. 


pomtioe^  and  are  either  not  preceded  by  any  si^,  or  else 
tiiey  bave  the  sigii  (+)  pbu.  As  nuOhematicums  nevo: 
place  the  dgn  -f  before  positiTe  quantities,  we  think  that 
melearologista  ought  to  imitate  them,  in  order  to  ayoid 
a  wearisome  confusion  of  signs,  when  they  abstract  the  oon- 
teote  from  extensive  meteorological  registers. 

Throughout  this  work  all  Uie  temperatures  are  marked 
in  the  centesimal  degrees,  or  those  of  Cdsiiui.  However, 
the  conversion  of  one  scale  into  the  other  is  a  very  easy 
operation.  Indeed,  80^  B.  being  equal  to  100^  of  the  oen- 
tesimal  scale,  or  4°  B.  an  equivalent  to  5®  C.  (designating 
the  degrees  of  maaannVa  scale  by  the  initial  R.,  and  those 
of  the  centesimal,  or  CMstna,  by  the  initial  C),  the  in- 
dications  of  RMnannr'a  thermometer  are  multiplied  by  5 
and  divided  by  4,  to  convert  them  into  centesinud  degrees. 
To  perform  the  converse  operation,  we  multiply  by  4  and 
divide  by  5.     Thus,  iJbea : — 

14^5  14x4 

14^  E.=  ^^f^  =  17^6  C;  and  14°C.=:i^=  11^5  B. 

4  0 

There  esdst  a  great  many  other  thennometric  scales.  I 
shaQ  confine  mywlf  to  mentioning  FaiirenlieiVs,  which 
is  still  in  use  among  English  observers.  In  this  scale  the 
mdting  point  of  ice  corresponds  to  the  32d  division,  and  the 
boihng  point  to  the  212th ;  and  the  interval  is  divided  into 
^12  —  32  =  180  parts.  Below  the  32  the  reckoning  is 
carried  down  to  «to,  below  zero  the  degrees  are  negative. 
In  <uder  to  reduce  the  indications  of  this  thermometer 
to  those  of  the  centesimal  scale,  the  32  must  first  be  de- 
docted,  so  that  the  seros  may  correspond.  Then,  since 
180°  P.  are  equivalent  to  \OQP  C,  or  9*»  F.  =:  5"*  C,  the 
remainder  must  be  multiplied  by  5,  and  this  product  divided 
by  9.     Thus  :— 

50°  F.  =:  (50)— 32)  x  |  =  10"  C. 

The  same  formula  is  employed  if  the  degrees  on  Fali- 
rtBheit's  thermometer  are  below  32.  Let  them,  for  ex- 
ample, be 

13*»  F. ;  then  13"  —  32°=  —  19" ;  and 
13"  F.  =—  19"  X    8  =  —  10°,  55  C. 

The  same  process  is  adopted  for  converting  the  negative 
degrees  of  Faiirenhelt.  On  subtracting,  for  example,  32" 
irom  —  16''  F.,  the  result  is  —  48 ;  and 

—  16'  F.  =  —  48°  X  5  =—  26^67  C." 
*  vide  Note  a,  Appendix,  No.  n. 
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The  thermometers  that  are  employed  in  meteoxologioil 
ohservations  are  generally  those  nutde  with  mercuiy;  for 
this  metal  does  not  freeze  except  at  very  low  teinperatures, 
sodi  as  are  never  observed  m  our  chmates.  But,  for  a 
wintering  in  high  latitudes,  spirit  thermometers  must  be 
provided.  If  the  freeing  and  the  boiling  points  are  deter- 
mined on  such  an  instrument,  and  the  mterval  is  divided 
into  80  or  100  equal  parts,  its  variation  will  not  be  parallel 
to  those  of  a  mercurial  thermometer ;  this  is  due  to  the 
unequal  dilatation  of  the  two  liquids.  Therefore,  in  com- 
paring a  spirit  with  a  mercurial  thermometer,  a  oorrectiQa 
must  oe  made  through  the  whole  extent  of  the  scale. 

It  is  often  essential  to  know  the  highest  and  the 
lowest  degrees  marked  by  the  thermometer,  in  a  certain 
determined  interval  of  time.  To  effect  this  we  have  re- 
course to  ihermometrographs.  Of  the  different  arrange- 
ments that  have  been  given,  the  following  is  the  simplest, 
and  perhaps  the  best  If  a  mercurial  thermometer  is 
plaoea  honzontally,  and  a  movable  index  of  iron  wire 
or  of  glass  is  in  contact  with  the  extremity  of  the  mer- 
curial column,  this  index  will  be  thrust  forward  as 
the  mercury  expands,  but  will  remain  at  the  same  place  i£ 
it  contracts  under  the  influence  of  a  reduction  of  tempera- 
ture.* The  point  of  the  scale  where  the  index  is  found  in- 
dicates, therefore,  the  greatest  degree  of  heat,  or  the  mazt- 
mum  to  which  the  instrument  has  b^n  subjected.  An  an- 
alogous mechanism  will  give  us  the  lowest  d^iee  to  which 
the  instrument  has  fallen.  At  the  extremity  of  the  column, 
of  a  spirit  thermometer  a  glass  index  is  so  placed  that  it  is 
entirdy  plunged  into  the  liquid.  When  the  idcohol  con- 
tracts, it  draws  with  it  the  index,  in  consequence  of  its  ad- 
hesion to  the  glass,  but,  in  expanding,  it  does  not  displace 
it ;  so  that  the  degree,  corresponding  to  the  point  where  the 
index  is  foimd,  indicates  the  mmbnuniy  or  lowest  tempera- 
ture, to  which  the  instrument  has  been  exposed.  I^  then, 
we  wish  to  know  the  maximum  and  the  mxnimum  of 
the  temperature  in  the  twenty-four  hours,  the  index 
of  iron  wire  is  placed  in  contact  with  the  mercury,  and 
the  upper  extremity  of  the  glass  index  is  made  to  coincide 
with  tne  extremity  of  the  column  of  spirit,  by  inclining  the 
two  instruments.    The  foUo^mg  day  the  position  of  the 


*  Indices  of  glua,  and  even  those  of  iron  wire,  in  the  coune  of  time,  are 
droumedf  that  is,  they  penetrate  into  the  mercury.  To  avoid  this  inoonve- 
nienoe,  M.  GasiMKa  crowns  the  thermometrlc  column  with  a  cap  of  very  thia 
^asB,  by  which  the  mercury  is  kept  firom  the  index.— M. 
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two  indices  'will  give  the  maximwn  and  the  mmmum  of 

temperature.'** 

p&ovA.OATXOif  OF  HfiAT.— A  body,  when  in  the' 

iiesshYmTurhood  of  another,  the  temperature  of  which  is 
hi^er  or  lower,  becomes  heated  or  cooled.  How  does  this 
exchange  of  heat  come  about  ?  In  two  ways,  as  we  have 
learned  from  experiments — conducHlnlity  and  ratUatwn.'^ZSi 
CoKDvcTiBiLiTT.  —  K  caYities  are  fashioned  in  a  men- 
tal bar,  and  thermometers  are  introduced  into  them,  it 
wiU  be  found  that,  at  the  end  of  a  certain  time,  all  the 
thennometers  will  indicate  the  same  temperature;  but,  if  a 
lamp  is  brought  near  to  one  end  of  the  bar,  this  end  will  be 
heated  first,  and,  in  a  very  short  time,  the  thermometers 
will  rise,  and  the  more  so  as  they  are  nearer  to  the  source 
cf  heat.  The  propagation  of  heat  takes  place  because  each 
layer  of  metal  communicates  a  portion  of  its  heat  to  the 
layer  with  which  it  is  in  contact.  This  property  of  bodies 
to  transmit  thdr  heat  thus,  by  the  intervention  of  their 
molecules,  is  termed  canductibiUty.  Conducting  power  is 
different  in  the  various  bodies  in  nature.  K  bars  of  the 
same  length  and  thickness,  but  composed  of  different  ma- 
terials, are  compared,  we  discover  that  they  do  not  conduct 
heat  equally  well.  Metals  transmit  it  very  well,  then  come 
rocks,  afterwards  wood,  &c.  In  general,  tne  more  porous  a 
flubstanoe  is,  the  less  conducting  power  does  it  possess.  A 
crowd  of  phenomena,  falling  under  our  daily  observation, 
depend  simply  on  i!ti<^  difierence  of  conducting  powers. 
C^  a  summ^s  day  expose  to  the  sun  a  mass  of  metiu  and  a 
mass  of  wood,  of  the  same  volume,  and  covered  with  the 
flame  varnish ;  then  touch  each  of  them  with  the  hand : 
the  wood,  which  is  hot  on  the  surface  only,  will  at  first 
cive  tiie  sensation  of  a  hotter  body  than  the  metal;  the 
utter,  on  the  contrary,  being  deeply  penetrated  by  the 
hert,  will  produce  a  less  intense  sensation  at  first,  but  it 
wiU  continue  much  loncer,  because  it  will  gradually  trans' 
mit  to  the  hand  all  the  neat  that  it  has  absorbed.  For  the 
same  reason,  a  piece  of  metal  seems  much  colder  in  winter 
than  a  piece  of  wood,  because  the  heat  of  the  hand  pene- 
trates much  more  quickly  into  the  metal  than  into'  the 

•  The  miuffmim  decree  U  indicaitod  by  the  upper  extremity,  the  ffuui" 
mmm  hy  ibe  lower  extramHy  of  the  hidex. 

Six't  thermometrograph,  modified  by  BsLLAm  and  Buktkt,  U  a  more 
eoDvenkiitiiistmmeiit,  and  more  exact  than  Bctbbuobd's,  which  has  Ju»t 
baon  daeciibed  (tide  PicLcn  Traiti  de  Pkifsiqne^  t.  i.  p.  542 ;  and  Pouil^ 
UT,  EHmemt  de  Pkiftique,  X,  ii.  fkg.  372).  Bat  the  hidicationB  of  this  in- 
■tnmieiit  are  exact  only  so  long  as  ft  has  not  undergone  diocks  or  pressures, 
ftr  tbeae  displace  the  index  and  lUsUy  their  re0olta.~M. 

b2 
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wood ;  the  surface  alone  of  the  latter  becomes  heated,  and 
this,  too,  in  a  very  short  space  of  time.  Sand,  which  is  a 
very  bad  conductor  of  heat,  is  intensely  hot  on  the  surface 
-during  summer,  but,  at  a  few  inches  deep,  this  elevated 
temperature  ceases  to  exist. 

Radiation.  —  Conductibility  is  not  the  only  means 
by  which  bodies  interchange  temperature.  If,  in  winter, 
we  are  at  a  certain  distance  from  a  hot  stove,  we  feel  that  it 
transmits  heat  to  us ;  is  this  an  effect  of  the  conducting  power 
of  the  air  ?  By  no  means ;  for  if  we  place  between  our- 
Belves  and  this  stove  a  metal  screen,  we  shall  no  longer 
fed  the  heat,  however  thin  the  interposed  plate  may  be ; 
but,  as  metals  are  good  conductors,  the  heat  ousht  to  tra- 
verse the  screen.  To  render  this  fact  perfectlv  dear,  let  ua 
place  a  convex  mirror  at  some  distance  from  tne  stove,  and 
the  bulb  of  a  thermometer  in  the  focus  of  this  mirror.  If 
we  place  a  screen  between  the  mirror  and  thermometer,  the 
latter  ¥rill  not  be  affected,  but  the  instant  we  take  away  the 
screen  the  thermometer  rises.  Things  occur  exactly  as  if 
the  rays  of  the  sun  fell  on  the  mirror,  and  we  must  admit 
colorific  rcofs  for  the  same  reasons  that  have  induced  us  to 
ooncdve  luminous  rays.  The  mode  of  transmitting  heat  is 
termed  radiation.  Calorific  rays  easily  traverse  a  certain 
number  of  bodies,  and  especially  pure  air. 

All  bodies  in  nature  are  incessantly  radiating  one  to  an* 
other;  hence  arises  a  continual  interchange  of  temperature, 
because  some  absorb  what  the  others  lose  by  radiation.  It 
is  principally  the  surface  of  bodies  that  radiates,  and,  gene- 
rally, with  greater  &cility  the  less  polished  it  is.  These 
losses  of  heat  are  partially  compensated  by  the  heat  trans- 
mitted from  wiUim  outward.  K,  therefore,  we  surround 
bodies  that  are  bad  conductors  but  good  radiators,  such  as 
swan's  down,  locks  of  wool,  feathers,  light  sand,  glass, 
snow,  &c,  with  a  verv  cold  atmosphere,  and  compare  their 
cooling  with  that  of  bodies  which  scarcely  radiate,  but 
which  are  good  conductors,  such  as  polished  metals,  we 
shall  perceive  that  the  former  become  cold  much  faster 
than  the  latter. 

OAPAOITY  OF  BODIBB  FOB  BBAT.— The  thermo- 
meter teaches  us  whether  bodies,  heated  either  by  direct 
transmission  or  by  radiation,  have  the  same  temperature.  To 
render  our  explanation  more  comprehensible,  suppose  the  heat 
to  be  somethmg  material.  It  is  natural  to  ask  u  two  bodies 
of  the  same  temperature  always  possess  the  same  qmanUty 
of  heat  In  other  words,  is  as  much  heat  required  to  make 
aj[temperature  of  a  mass  of  water  rise  fix)m  8^  to  40^  as 
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to  raiee  the  temperature  of  a  mass  of  iron  to  the  same  num- 
ber of  degrees  ?  Experiments  answer  this  question  in  the 
nqnative.  A  dijOTerent  quantity  of  heat  is  required  to  giye 
an  equal  ehange  of  temperature  to  bodies  of  a  different 
nature.  In  order  to  have  a  point  of  comparison,  a  kilo- 
gramme of  water  at  zero  is  chosen  as  unity,  and  we  examine 
now  much  heat  is  required  to  elevate  its  temperature  1^  C. 
Then  this  oxuaitity  is  determined  for  other  bodies  by  ope- 
rating, in  like  manner,  upon  a  kilogramme  of  the  substmoe. 
The  quantities  found  are  called  the  specific  heats,  and  this 
property  obtains  the  name  of  the  cahrific  ccq>acUy  of  bodies. 

The  following  experiment  shews  the  truth  of  what  we 
have  said,  and  explains  the  method  employed  to  estimate 
the  specific  heat  of  bodies.  Pour  into  a  vessel,  having  thin 
ades,  500  grammes  of  water  at  zero,  then  add  500  erammes 
of  water  at  40^;  on  making  this  mixture,  we  shall  have  one 
kilogramme  of  water  at  20^.  If  the  experiment  is  varied, 
whatever  are  the  initial  temperatures  of  the  two  quantities 
of  water,  the  mixture  will  always  have  a  temperature  equal 
to  half  the  difference  of  these  initial  temperatures. 

But  if  -we  throw  into  500  grammes  of  water  at  zero,  500 
gnmmes  of  iron  filings  at  40°,  the  temperature  of  the  mix- 
ture will  be  only  3^96.  Thus,  then,  the  36^04  of  heat, 
which  the  iron  has  lost,  have  not  been  able  to  elevate  the 
temperature  of  tiie  water  more  than  3^96 ;  and  iron  re- 
quires less  heat  than  water  to  attain  the  same  d^ree  of  tem- 
perature in  the  proj^rtion  of  3,^*96,  36^,04.  The  calorific 
capadtyof  water  bemji;  1,  that  of  iron  will,  therefore,  be 
0,1 1 .  The  difibnenee  is  analojgons  to  that  existing  between 
bodies  in  respect  to  their  weight.  K  we  fill  fiasks  of  the 
same  capadty  with  different  liouids,  such  as  water,  alcohol, 
mercury,  &c.,  we  find  great  differences  of  weight.  Thus 
the  same  volume  of  mercury  will  be  thirteen  times  heavier 
than  an  equal  volume  of  water.  Bodies  may  be  r^arded 
as  fiadcs,  into  which  we  have  poured  heat.  The  thermo- 
meter indicates  the  same  temperature,  but  just  as  the 
weights  of  e^ual  volumes  of  these  liquids  are  different,  so 
also  bodies,  m  which  the  thermometer  indicates  the  same 
temperature,  are  possessed  of  very  different  quantities  of 
heat.  Fhflosophers  have  given  the  name  of  specific  graoHy 
to  this  inequality  of  weight,  observed  in  bodies  of  the  same 
volume;  tney  nave  also  called  the  unequal  capacity  of 
bodies  ibr  heat,  specific  heat 

iifPi.UENOB  OF  THB  suif.^The  Study  of  the  laws 
that  regulate  the  variations  of  the  temperature  of  the  atmo* 
sphere  prove  that  the  sun  is  the  principal  cause.    In  pro* 
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portion  as  this  body  rises  above  the  horizoD,  the  heat 
increases ;  it  diminishes  as  soon  as  it  is  set.  The  differences 
between  summer  and  winter  depend  also  on  the  time  that  it 
remains  below  the  horizon,  and  on  its  distance  from  the 
zenith  of  the  observer.  Astronomy  teaches  us,  it  is  true, 
that  the  earth  was  formerly  an  incandescent  globe,  which, 
when  launched  into  space,  gradually  cooled.  In  proportion 
aa  we  descend  into  the  bowels  of  the  earth,  we  find  a  ^preater 
or  less  elevation  of  temperature,  which  renders  the  existence 
of  a  central  fire  or  incandescent  nucleus  very  probable. 
But  the  surface  of  the  earth  is  composed  of  bodies  that  are 
such  bad  conductors,  that  this  central  heat  is  very  slowly 
communicated  to  the  atmosphere;  and  the  researches  of 
Fourier  have  shewn  that  it  may  be  entirely  neglected  ia 
Meteorologpr. 

The  height  of  the  sun  above  the  horizon  is  one  of  the 
most  important  elements  in  the  study  of  its  calorific  action. 
In  fact,  a  surface  is  more  highly  heated  by  a  distant  source 
of  heat,  as  the  line  drawn  irom  this  source  to  the  surface 
approaches  nearer  to  the  perpendicular.  Take  an  open 
book,  and  present  it  to  the  light  of  a  lamp :  on  holdii^  it 
vertically,  you  will  easily  be  able  to  read  the  characters ;  but, 
the  more  you  incline  it,  that  is,  the  smaller  the  angle  is 
which  the  incident  rays  make  with  the  surface  of  the  book, 
the  less  will  the  surface  be  enlightened,  and  the  more  diffi- 
cult will  it  be  to  read  the  characters ;  and  they  ¥rill  finally 
become  entirely  invisible. 

Mathematicians  have  endeavoured  to  deduce  the  changes 
of  temperature  of  days  and  seasons  from  the  height  of  me 
sun ;  but  the  action  of  this  body  is  modified  by  so  many 
accidental  circumstances,  that  we  must  have  recourse  to 
direct  experiment.  This  is  done  by  means  of  a  thermometer 
exposed  m  the  open  air,  on  the  north  side  of  a  building 
at  three  or  four  decimetres  from  the  wall,  and  at  a  dis- 
tance from  any  white  surface  likely  to  reflect  the  heat.  If 
it  becomes  wetted  by  rain,  it  must  be  wiped  about  five 
minutes  before  making  the  observation;  for  tJie  drops  of 
water,  by  their  evaporation,  will  lower  the  temperature  of 
the  bulo  of  the  thermometer.  Care  must  be  taken,  in 
winter  time,  that  the  thermometer  is  not  subjected  to  a  cur- 
rent of  hot  air  coming  out  from  the  apartment. 

If  an  instrument  thus  placed  is  carefully  followed,  it  will 
be  observed  that  the  temperature  changes  every  moment. 
It  would  be  an  easy  matter  to  turn  all  these  isolated  indica- 
tions to  account,  m  order  to  compare  the  temperatures  of 
different  months  or  days  in  the  year.    These  comparisons 
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ifOfuld  neTer  lead  to  any  satisfactory  result,  unless  we  have 
recoune  to  means.  To  obtain  the  mean  of  any  day,  the 
thermoineteT  is  observed  at  short  intervtds — ^hourly,  ior  in- 
stanoe ;  and  the  sum  of  the  degrees  observed  is  divided  by 
the  number  of  observations  that  have  been  made :  this  is 
eiUed  taking  the  arithmetical  mean  of  these  observations. 
The  mean  of  a  month,  of  a  season,  or  of  a  year,  is  calculated 
by  an  analogous  process. 

RAMGB  or  TEMPERATUBB  DURING  THE  DAY. 

— To  observe  the  thermometer  every  hour,  ni^ht  and  day, 
would  be  a  task  impossible  to  a  single  individual,  and 
fatigning  even  for  several  observers.  And  hence  few  me- 
teorologists have  had  this  patience ;  but,  fortunately,  their 
results  present  so  much  concordance,  that  we  may  actually 
deduce  the  mean  temperature  of  the  day  from  a  very  few 
observations  made  at  suitable  hours. 

The  first  horary  series  is  due  to  Olmlnelio  of  Padua. 
For  sixteen  consecutive  months  he  observed  the  thermometer 
every  hour  from  four  in  the  morning  till  eleven  in  the 
evening.  During  the  night  he  made  one  more  obser^^ation 
at  different  hours,  and  he  supplied  the  blank  by  interpola- 
tion. At  a  later  period,  at  tne  suggestion  of  Brewster,  the 
artillery  officers  of  the  fort  of  Leith,  near  Edinburgh,  ob- 
served the  thermometer  every  hour  during  the  years  1824 
and  IS25.  Oatterer,  contemporary  with  CimineUo,  had 
observed  the  thermometer  at  Gottingen  every  hour  for 
several  years.  I  have  had  the  opportunity  of  consulting 
his  manuscript  meteorological  registers,  which  M.  Anselme 
Botseliild  purchased  from  his  heirs,  in  order  to  present 
them  to  the  Society  of  Physics  at  Frankfort-on-the-Maine. 
Numerous  daily  observations  have  been  made  by  M.  Neuber, 
at  Apenrade  in  Denmark ;  iMhrmaxok,  at  Dresden ;  Kolier, 
at  KremsmuBster ;  Kupfer,  at  Petersburg;  and  since  1835, 
by  the  astronomers  of  the  observatory  at  Milan.* 

Latterly,  the  observations  of  Captain  Boas,  and  those 
of  the  Russian  officers  at  Nova  Zembla,  have  furnished 
valuable  materiaLs  in  regard  to  the  polar  regions.  I  have 
myself  made  observations  of  the  thermometer  for  several 
years,  from  six  in  the  morning  tUl  ten  at  night,  every  hour 


*  To  tbeM  aereral  series  of  thermometrio  obseiraUons  ought  to  be 
mided,  among  others,  the  hoarly  obserrations  made  at  Prague  during  the 
jean  1839  and  1841 .  The  table  of  horary  means,  ranged  in  monthly  order. 
Hill  be  found  in  the  work  entitled  Beobachtungen  %u  Pragt  p.  131. 

The  ilrst  vohune  of  the  Aunales  de  MetioroU^ie^  by  M.  Lamont,  also 
contains  hourly  thermometrio  observations  vaaAn  at  Munich  in  the  course 
of  the  year  1841. 
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or  every  two  houn,  in  order  to  determine  the  progress  of 
temperature  at  Halle.  With  regard  to  night  ohsexrations, 
they  may  eadly  he  deriyed  hy  means  of  the  yery  simple 
formnls  of  intdrpohitionf  which  I  haye  ^yen  at  page  91,  &€. 
of  the  first  yolume  of  my  large  treatise  on  Meteorology. 
(  Vide  Note  A.)  The  following  tables '  present  the  summary 
of  the  mean  temperatures  at  all  hours  of  the  day  during 
the  twelye  months  of  the  year  at  Halle,  Gottingen,  Fadua, 
and  the  fort  of  Leith,  near  £dinburgh. 


s  Vide  Note  ^  Appendix,  No.  II. 
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Tbeae  tables  shew  that  there  is  a  maximum  and  a  muu" 

waaa  of  tempeTature  on  each  day.     The  mmimum  oocnxs 

MBoe  little  time  before  the  rising  of  the  son,  the  maximum 

about  two  6*clock  in  the  afternoon ;  a  little  sooner  in  winter 

aoid  a  little  later  in  snnimer.    The  majority  of  philosophers 

admit  that  the  moment  of  the  rising  of  tne  snn  is  that  at 

which  the  temperature  is  the  lowest ;  but  if  we  deduce  £rom 

obsurationa  a  formula,!  independent  of  the  trifling  errors  of 

reading,  which  are  almost  inevitable,  we  shall  find  that  the 

mmUmtm  ocean  about  half  an  hour  before  the  rising  of  the 

son,  at  the  time  when  this  body  is  yet  12*^  beneath  the 

horizon.   This  rule,  which  is  only  applicable  to  oar  climates, 

Tviea  in  different  seasons.    In  autumn  and  in  winter  the 

coincides  with  a  depression  of  18°  below  the  hori- 

and  in  summer  with  6°  only. 

When  the  sun  is  above  the  horizon,  it  acts  upon  the  earth 

and  Ibe  lower  strata  of  the  atmosphere  with  greater  power, 

M  its  angular  height  is  greater.    One  portion  of  this  heat 

penetrates  into  the  soil,  the  other  is  lost  by  radiation  to- 

wrards  the  atmosphere  and  celestial  space,    fiefore  mid-day 

tbe  earth  receives,  in  every  instant  of  time,  a  quanti^  of 

lieat,  eiceeding  that  which  it  loses  by  radiation ;  ana  its 

femperatoxe  is  raised.    This  effect  continues  also  for  some 

time  after  the  sun  has  passed  the  meridian^  hence  it  follows 

that  tbe  maximum  takes  place  some  hours  after  the  time  of 

noon.*    While  the  sun  is  sinking  toward  the  horizon,  its 

•  We  kBOV  that,  daring  the  winttr  at  the  polar  ragkms,  the  son  entirely 
I  to  appear  above  the  boriaon  for  a  period  of  tiuM,  which  it  longer  as 
r  it  nearer  the  pole.  The  Tariationa  of  the  thermometer  are  then 
entirely,  to  the  atafte  of  the  eky  and  the  direction  of  the  wind. 
We  nnur,  theretee^  expect  to  And  an  almoet  inaenalble  dally  Tariation.  The 
MIowingare  the  reealta  which  were  obtained,  during  the  winter  of  1838-9, 
nt  Boeefcep,  in  T^plawl,  wider  the  70th  degree  of  latttnde,  by  MM.  Lozntr, 
Bbatab,  LnxjaBOOE,  and  SiuaaraoBxc  membert  of  the  Commiwion  ef  the 
North.  They  cooAned  themsetree  to  the  mean  tempentnre  of  the  te^ 
dajfl  pcecedhig  and  the  forty  days  socoeeding  the  winter  solstice :— 


■OCBS. 

■ovu. 

TKHPn. 

VOOll. 

-9»,U 

KioineBT. 

-9P,09 

2h. 

-9*,05 

14  h. 

-9»,25 

4h. 

-y,« 

16  h. 

-y,3l 

6h. 

-9",31 

18  h. 

-9»,d0 

8h. 

-9»,» 

SOh. 

-9»,22 

10  h. 

-9».07 

22  h. 

-.8%94 

(Fuff  Appendix,^.  2). 
If  entire  coafldenee  it  to  be  plaeed  in  mere  numbers,  deduced  from  tiie 
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action  becomes  less  powerful,  and  the  loss  by  radiation  ex- 
ceeds the  gain  by  absori>tion.  The  heat  diminishes  the 
more  rapidfy  as  the  sun  is  nearer  setting.  As  soon  as  it 
has  disappeured,  the  calorific  source  no  longer  existing, 
all  the  acquired  heat  radiates  towards  celestial  space,  the 
temperature  falls,  and  would  fall  still  lower,  if  the  por- 
tion of  the  heat,  which  had  penetrated  into  the  super- 
ficial layers  of  the  soil,  did  not  return  to  the  surface,  by 
virtue  of  the  conducthig  ^wer  of  the  earth.  The  lo- 
wering of  temperature  contmues  until  morning  announces 
the  return  of  tne  sun,  which  again  heats  the  regions  that  it 
illuminates. 

These  explanations  are  so  simple,  that  almost  all  the 
phenomena  of  temperature  may  be  deduced  from  them ;  and 
we  may  also  infer  from  them  that  the  diurnal  variation  of 
heat  is,  probably,  the  same  in  all  countries.  However,  in 
hot  cUmates  on  the  sea-coast,  the  maaimum  of  temperature 
often  occurs  before  the  arrival  of  the  sun  at  the  meridian ; 
because  there  arises,  about  mid-day,  a  fresh  breeze  from  the 
sea,  which  lowers  the  temperature.  Daily  observations, 
made  in  July  and  August,  1837,  on  the  borders  of  the  Baltic, 
have  shewn  me  that  the  maximum  takes  place  in  the  after- 
noon ;  although  several  hours  sooner  than  at  Halle,  which 
is  in  the  intenor  of  the  Continent* 


obaerratlons  in*de  during  one  winter  only,  we  should  be  led  to  admit  that 
the  temperature  attains  its  mcuwnum  about  eloTen  o'clock,  a.m.,  its  wuninmm. 
about  five  o'clock,  p.m.,  and  a  second  maximum  at  eleven  o'clock,  p.k.  But 
these  two  oeeillatlons  are  not  sufficiently  marked  to  authorise  us  as  yet  in 
Touching  for  their  constancy.  It  would,  however,  be  interesting  to  establish 
the  existence  of  a  daily  calorlfio  wave,  which  should  not  depend  on  the  direct 
action  of  the  solar  rsys.  The  preceding  observations  shew  that  its  ampli- 
tude is  not  greater  than  0^,4.  It  remains  to  be  nroved  whether  this  phe> 
nomenon  may  be  explained  by  a  regular  diurnal  ^ange  in  the  state  of  the 
heavens  or  in  the  direction  of  the  wind,  by  the  diurnal  variation  in  the 
pressure  of  the  air,  by  annnra  borealis^  or  by  any  other  local  or  general 
influence. — M. 

*  On  the  summit  of  high  mountains  different  causes  produce  an  analo- 
gous effect.  The  hottest  period  of  the  day  occurs  half  an  hour,  or  three- 
quarters  of  an  hour,  after  the  term  of  the  culmination  of  the  sun.  M. 
Kazmtz's  observations  on  the  Faulhom  (canton  of  Berne)  at  9683  metres 
above  the  level  of  the  sea.  In  1832  and  1833 ;  those  which  I  made,  with 
MM.  Beavau  and  WACBsmrra,  on  the  same  mountain  in  1841 ;  and, 
Ihially,  those  of  MM.  Psltiu  and  BaAVAis  in  1842,  all  agree  in  giving  the 
same  result,  however  various  these  different  series  may  have  been  in  respect 
to  the  meteorological  circumstances  which  accompanied  them.  The  ob- 
servations on  the  Great  St.  Bernard  also  prove  that,  in  this  station,  the  tem- 
perature of  mid-day  is  generally  greater  than  that  of  three  o'clock.  lU  for 
these  two  stations,  the  period  of  maximum  differs,  thU  difference  is  very 

grobably  due  to  Faulhom's  being  an  isolated  summit,  whilst  the  hospice  of 
t.  Bernard  is  overlooked  on  all  rides  by  elevated  summits.  The  coldest 
Eeriod  coincides  with  that  (tf  the  plain,— that  is,  it  happens  about  half  an 
our  before  the  riring  of  the  sun. 
With  respect  to  the  diurnal  variation  of  the  thermometer,  the  climate  of 
the  summit  of  mountains  bears  a  great  analogy  to  sea-climatet.^M.. 
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Twice  during  the  day,  the  degree  of  the  thermometer  is 
eqvaH  to  the  mean  temperature.  It  might,  therefore,  seem 
that  it  would  be  sufficient  for  us  to  take  an  observation  at 
one  of  these  two  periods.  But  this  method  is  very  unworthy 
of  trust  At  the  moment  when  it  osdllates  about  the  mean, 
the  temperature  changes  very  rapidly;  and,  if  the  ob- 
servation is  made  a  little  too  soon  or  a  little  too  late,  very 
notable  errors  wfll  result. 

The  surer  way  is  to  read  it  off  several  times  during  the 

day,  and  at  such  hours  that  their  arithmetical  mean  shall 

Mvproach  the  true  mean  as  nearly  as  possible.    By  taking 

obeerYations  at  4  o^clock  and  at  10  a.m.,  and  at  4  and  10 

o*clock  P.M.,  the  fourth  of  the  sum  of  the  temperatures 

foiund  will  give  a  value  that  will  differ  veiy  little  from  that 

of  the  mean.     The  arithmetical  mean  of  observations  at 

6  A.M.,  2  P.M..  and  1 0  p.m.,  also  differs  very  little.  M.  Sdhouw, 

in  order  to  facilitate  the  labour  of  observers,  recommends 

their  confining  themselves  to  three  readings, — at  7  a.m.,  at 

noon,  and  at  10  p.m.  ;  the  sum  of  the  degrees  divided  by  3 

wiU  s;ive  the  mean.*     At  Halle,  the  mean  of  June,  ob- 

t^nea  by  this  method,  is  15^95 ;  whilst  the  true  mean  is 

15^,72;  consequently  0°,23  lower.     K  the  true  mean  at 

HaUe  were  not  known,  we  might  arrive  at  it  by  determining, 

by  means  of  observations  made  in  another  country,  the 

anantitv  that  must  be  deducted  from  the  mean  deduced 

uom  tniee  observations  only.    Thus,  at  Padua,  the  mean 

found  by  this  latter  method  is  22^,23 ;  the  true  mean  is 

21^93,  tlie  difference  =  0^30.    Deduct  this  difference  from 

the  mean  deduced  at  Halle  fh)m  three  observations  only, 

tad  we  have  15%95  —  0°,30:=  15^65 ;  a  number  which  is 

not  very  far  from  the  true  mean,  15^,72.    In  fine,  we  must 

be  sure  as  to  whether  the  arithmetical  mean  of  the  three 

observations  is  greater  or  less  than  the  true  mean,  in  the 

Slaoes  where  the  latter  is  known,  and  add  or  deduct  this 
ifferenoe  from  the  mean  obtained  in  the  place  where  the 
observations  are  being  made.  For  points  situate  on  the 
Continent,  and  in  the  temperate  zones,  we  should  take  the 
means  of  Gottingen,  Halle,  and  Padua,  in  order  to  eliminate 
the  little  anomaues  which  might  exist  in  one  of  these  cities 
taken  separately.  For  England,  we  should  adopt  the  cor- 
rection found  by  the  observations  made  at  Leith.  Although 
we  do  not  attain  to  results  that  are  perfectly  accurate,  they 

•  In  general,  the  mean  of  four  reading!,  made  at  equidistant  honn,  if 
ooC  tv  from  the  true  mean. 
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urill  yet  be  mueh  nearer  the  truth  than  those  that  are  not 
corrected. 

The  mean  being  intermediate  between  the  maxinmm  and 
mininuntt  of  the  day,  it  has  often  been  proposed  to  deduce  it 
£com  these  two  elanents,  and  to  conskler  the  half  of  their 
sum  as  the  true  mean.  But  the  ktter  is  widely  different 
from  this  empirical  mean ;  and  here  again  we  should  be 
obliged  to  have  recourse  to  a  correction  which  experiment 
alone  can  disclose  to  us.  This  correction  is  a  constant  oo» 
dfident,  by  which  the  excess  of  the  maxmmm  oyer  the  tmni'' 
mum  is  to  DC  multiplied ;  the  product  is  added  to  the  mini* 
mum;  the  sum  is  the  true  mean  sought  after.  This  qck 
efficient  varies  according  to  the  process  by  which  the  mozi- 
mum  and  mMman  have  been  obtained,  n  a  common  ther* 
mometer  is  observed  at  the  hours  of  immnram  and  wmammny 
the  readings  will  differ  from  the  indicatioins  of  the  thermo- 
metrograph.  In  fact,  this  instrument  always  indicates  the 
true  masamxan  and  mtMrnvm  ;  whilst  the  former  method 
does  not  give  them,  because  the  atmospheric  accidents  of  the 
day  may  displace  the  maximMm  and  mbmimm  by  several 
hours.  The  mean  found  by  the  thermometrograph  wUl,, 
therefore,  di£Eer  from  that  deduced  from  direct  observation 
at  the  presumed  periods  of  diurnal  maxmmm  and  mmtrnicm  ,* 
because  the  moxmiun  will  be  always  higher,  and  the  mtiu- 
fimm  lower,  than  those  of  the  thermometw^graph. 

In  many  cities^  such  as  Piaris,  Brussels,  uid  Basle,  ob- 
servations of  the  tiiermometrograph  and  the  thernMHneters 
have  been  simultaneously  taken  several  times  during  the 
day.  We  may,  therefore,  declare,  from  these  oompmtive 
obeervationa,  a  coefficient  by  means  of  which  we  may  deter« 
mine  the  true  mean.  With  the  series  of  Fadua,  Halle, 
Grottingen,  and  Leith,  we  have  calculated  the  &ctor  that 
wiU  eiuble  us  to  deduce  the  true  mean  temperature  firom 
the  periods  of  the  maximum  and  iRtirtiiin0R.  The  following 
table  gives  these  two  coefficienti  for  all  the  months  of  the 
year:— 


TABLE 

or  THE  CO-BFFICISNT8  BT  WHICH  THB  EXCESS  OF  THE  DniB- 
HAI.  MAXTMITM  OVEB  THE  MIEIMnM  MUST  BE  MULTIPLIED  ; 
THB  SUM  OF  THE  FBODUCT  ABD  01*  THB  lOHIMUM  GIVES 
THE  MSAlf  SIUBNAL  TEBnPBBATUBE. 


MOUTHS. 

TEMPERATURES 

ObMrred  aft  the  premmed 

iiuteBt  ot  nuumta  tuad 

wtimima. 

sznsn 

TEMPERATUBE8 

mdlcsled  by  the  Thermo- 
metngraph. 

JBanaiy     « 

0,388 

0,507 

Fefanunry    . 

0,411 

0,476 

Much   .    . 

0,468 

0,475 

April     .    . 

0,481 

0,466 

May.     .    . 

0,^12 

0»459 

Jvne     .    . 

0,501 

0,453 

July .    .    . 

0,488 

0,462 

August  .    . 

0,500 

0,451 

September . 

0,482 

0,433 

October.    . 

0,433 

0,447 

Noyember . 

0,381 

0,496 

1  December  . 

0,357 

0,521 

(F«&  Appen^^.  3.) 

The  use  of  this  table  is  very  simple.  I  will  suppose 
that  In  March,  at  l^vregitmed  times  of  maximwn  and  nmia- 
flim,  the  readmg  of  ine  diumal  temperature  has  been  1^,25 
and  8^,32.  The  difference  (8'',32  ^  1%25  =  )  7^,07  is  to  be 
nmltiplied  by  0*468,  the  oo-effident  of  the  month  of  March, 
and  tus  product  is  to  be  added  to  the  winwmw  temperature. 
The  sum  ifill  be  the  true  mean  in  question.  Consequently, 

Jfmmwm as  1«,25 

7^07  X  0,468 an:  r*,31 


True  Mean 


4^56 
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If,  on  a  day  in  August,  the  thermometrograph  ffave  you 
the  extremes  10°,26  and  22^32,  their  difference  is  12S06« 
and  the  constant  coefficient  of  this  month  is  0,451.  The 
true  mean  will  therefore  be : — 

Minimvm =s  10^26 

12°,06  X  0,451 =    5°,44 


True  Mean     .    .     15°,70 

We  have  thus  two  easy  methods  of  finding  the  true 
mean ;  but  meteorologists  must  endeavour  to  determine  the 
constant  coefficients  as  rigorously  as  possible,  in  order  to 
obtdn  an  accurate  knowledge  of  the  daily  means.  If  the 
Greeks  and  Romans  had  invented  our  instruments  and  em- 
ployed these  methods,  we  might  now  decide  the  important 
question  respecting  the  cooling  of  our  planet.  Let  us  then 
endeavour  to  collect  material,  so  that  future  generations 
may  one  day  solve  this  problem. 

RANGE    or    TBMPERATURB    IN    THB    OOURBB 

OF  THE  YEAR. — The  mean  temperature  of  each  month 
having  been  determined  by  one  of  the  preceding  methods,  the 
annual  mean  is  deduced  by  dividing  the  sum  of  the  mensual 
temperatures  by  12.  If  these  mensual  temperatures  are 
calculated  at  the  mean  of  several  years,  it  will  be  seen  that 
they  vary  very  notably,  whilst  the  annual  mean  always 
remains  nearly  the  same.  This  mean,  when  deduced  from 
a  small  number  of  ^rears,  may  be  considered  as  the  expres- 
sion of  truth,  to  which  it  will  more  nearly  approximate  as 
the  number  of  years  is  greater. 

If  we  now  compare  the  annual  and  mensual  means  of 
the  points  situated  in  the  temperate  zones,  we  shall  find  a 
singular  agreement  bet¥reen  the  results.  From  the  middle 
of  January  Ihe  temperature  rises,  at  first  slowly,  then  in 
April  and  Mi^  rapidly;  it  then  increases  less  rapidly  to 
the  end  of  July,  wnen  it  attains  its  maximum.  It  falls  at 
first  slowly  in  August,  then  rapidly  in  September  and  Oc- 
tober, and  descends  to  its  minimum  in  the  middle  of  January. 
This  march  is  so  constant,  that  the  mensual  means  of  any 
place  may  be  calculated  by  means  of  a  very  few  elements. 
The  justice  of  this  assertion  has,  moreover,  been  verified  at 
points  situated  in  Lapland,  on  the  borders  of  the  Persian 
Gulf,  in  the  new  as  well  as  in  the  old  world.  If  we  inquire 
which  are  the  days  when  the  temperature  is  equal  to  the 
mean,  and  those  when  it  attains  its  maximwn  and  minimwnf 
we  find : — 
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Iftiitmtan  of  temperature  .    January  14. 

Mean April  24  and  Oct.  21. 

Maxmntm July  26.* 

The  law  of  this  range  of  temperature  is  easily  deduced 
from  the  position  of  the  sun  in  relation  to  our  hemisphere. 
In  the  month  of  January,  when  the  days  commence  length- 
ening, the  sun  acts  with  more  force,  because  its  an^lar 
lieight  is  greater,  and  it  remains  loncer  above  the  horizon. 
As  the  days  continue  to  increase,  the  earth  continues  to 
acquire  heat ;  but  the  angular  height  of  the  sun  at  first 
increases  slowly,  and  the  neat  augments  but  little;  it  is 
only  toward  the  vernal  equinox  that  the  temperature  rises 
tapidly.  One  portion  of  the  heat  which  the  earth  receives 
iram  the  sun  during  the  day  is  lost  by  radiation,  another 
portion  penetrates  to  a  trifling  depth,  and  another  portion 
serves  to  warm  the  atmosphere.  By  nocturnal  radiation,  a 
part  of  the  heat  acauired  is  lost  again  in  space ;  but,  the 
night  being  shorter  tnan  the  day,  there  is  a  definite  increase 
of  temperature  from  day  to  day.  Toward  the  summer  sol- 
stioe,  tnere  being  little  variation  in  the  height  of  the  sun, 
the  increase  of  temperature  increases  but  slowly. 

If  the  solar  influence  were  the  only  cause  of  heat,  the 
fmaxuman  of  temperature  would  coincide  with  the  longest 
day  of  the  year.  Although  the  action  of  the  sun  is  less 
eneigetic  in  proportion  as  its  height  decreases,  nocturnal 
radimon  is  reduced  to  a  mere  trifie  in  summer,  on  account 
of  the  shortness  of  the  nights.  Each  day,  therefore,  the 
San  adds  a  new  quantity  of  heat  to  that  which  the  earth 
already  possesses,  and  the  mean  of  the  twenty-four  hours 
BtiU  ^oes  on  increasing.  Therefore  it  is  that  the  tempera- 
tare  mcreases  even  after  the  summer  solstice,  so  long  as  the 
diminution  of  the  days  is  scarcely  8ensible>  and  the  maximum 
occurs  at  the  period  when  the  gain  of  the  day  compensates 

*  In  the  Amnuaire  du  Bureau  det  Longitudes  for  1825,  M.  Arago  ha3  ffiven 
ft  Hat  of  ^e  dajs  on  which  maxinut  of  heat  and  cold  have  been  obserred  at 
the  Obeerratory  of  Paris  from  1665  to  1823.  The  days  of  greatest  cold 
flBnerally  fiUl  in  the  second  weelc  of  January.  Those  of  greatest  heat  are 
frrcgiilarly  distributed  in  July  and  August.  At  Maestricht  {Memoire$  de 
fAeai,  de  Bruselletj  t.  x.)  M.  Ckahat  foxind  that  these  days  were  distributed 
fn  tlie  fitrilowing  manner  (his  period  comprehends  the  years  1818  to  1833) :  — 

rJuly,  11  times.  7 

Maximum  \  August,         3  >Mean  Date,  July  19. 

LJune,  2  3 

r  January.       6  times. '^ 

JD^SSS.   I  fnean  Date.  January  22. 

CMarch,         2  J  IL 

C 
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for  the  losses  of  the  night.  It  is  only  when  the  days  decrease 
rapidly,  at  the  time  when  the  sun  is  approaching  the  equator, 
that  the  temperature  falls.  This  lowering  of  temperature 
would  he  much  more  sensihle  if  the  superncial  strata  of  the 
euth  did  not  restore  to  the  air  a  portion  of  the  heat  which 
they  had  borrowed  from  it  daring  the  summer.  This  dimi* 
nution  continues  for  some  time,  also,  after  the  winter  sol- 
stice, because  the  loss  during  the  night  always  detracts  from 
the^in  of  the  day. 

whatever  agreement  may  be  observed  in  different  places 
in  regard  to  variations  in  the  temperature  of  the  year,  we 
ought  not  to  lose  sight  of  one  circumstanoe,  to  which  we 
shall  return  in  the  sequel  with  the  fullest  details :  to  wit,  if 
we  take  the  difference  between  the  coldest  and  the  hottest 
monUis  of  the  year,  we  find  that  the  difference  is  very 
Uifling  in  small  islands  and  on  the  western  shores  of  con- 
tinents, but  becomes  sreater  as  we  penetrate  into  the  interior 
of  the  continents.  So  that,  in  equal  latitudes,  the  coasts 
and  the  seas  are  warmer  in  winter  than  the  interior  of 
countries. 

8fiA.80N8. — ^Astronomic  seasons  are  regulated  according 
to  the  course  of  the  sun.  In  Meteorology  we  seek  to  divide 
them  according  to  the  march  of  temperature.  Winter  being 
the  most  rigorous  season,  we  ought  to  arrange  so  that  the 
coldest  day  of  the  year  shall  fall  nearly  in  the  middle  of 
this  season.  This  day  being  about  the  15th  of  Januaiy, 
winter  will  consist  of  the  months  of  December,  January, 
and  February ;  spring,  of  March,  April,  and  May,  and  so 
on.  Few  meteorologists  have  remained  attached  to  astro* 
nomical  division,  which  makes  winter  begin  December  21st. 
A  more  culpable  method  still  is  that  which  consists  in 
creating  artificial  seasons  for  particular  spots  on  the  globe, 
by  placmg,  for  example,  the  commencement  of  winter  at  the 
day  when  the  thermometer  marks  zero  for  the  first  time, 
and  that  of  spring  at  the  period  of  the  first  leaves.  Such 
division  cannot  but  introduce  confusion  into  the  science ; 
for,  by  acting  in  this  manner,  we  should  find  an  infinite 
number  of  d&ributions  of  seasons  over  the  surface  of  the 
globe. 

ZNFIiUENCX;  OF  liATITUDS  OVBR  TEMPERA- 
TURE. — ^If  we  compare  spots  that  differ  considerably  from 
each  other  in  latitude,  we  shall  find  that  their  mean  tempe- 
ratures are  lower  as  we  proceed  further  from  the  e<}uator, 
and  as,  consequently,  the  mean  height  of  the  sun  is  less. 
Thus,  while  at  the  equator  the  mean  temperature  varies 
between  27''  and  28^  at  Teneriffe  it  is  not  more  than  21°,7, 
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st  Paris  10^,8,  and  at  the  North  Cape  zero.  Other  circum- 
ataiuses,  sach  as  the  direction  of  the  Trinds,  the  quantity  of 
moistUTe,  &c.,  have  also  a  notable  influence  over  the  mean 
temperatuTe,  which,  in  equal  latitudes,  is  always  more  ele- 
Tated  on  coasts  and  in  islands  than  it  is  in  the  interim  of 
kige  continents. 

TBMP£RATURB    OF     THE    UPPER     STRATA    OF 

THE  ATMOSPHERE. — The  mean  temperature  not  only 
depends  on  the  position  of  a  place  with  regard  to  the 

Suator,  but  also  on  its  elevation  above  the  level  of  the  sea. 
'  the  range  of  the  thermometer  at  the  foot  and  at  the 
sammit  of  a  mountain  is  compared,  it  will  be  seen  that  the 
mean  is  lower  as  the  mountam  is  higher.  Aeronauts  have 
made  the  same  observation.  On  mountains,  this  diminution 
of  temperature  is  extremely  sensible,  because  it  is  almost 
always  accompanied  by  a  very  strong  wind,  which  increases 
the  physioloffical  impression  of  cold.  This  difference  must 
be  attributed  to  a  more  active  radiation,  and  to  the  dimi- 
nished capacity  of  the  larified  air  for  heat.  In  general,  it 
may  be  aomitted  that  the  temperature  decreases  one  degree 
for  every  185  metres;  but  tnis  number  varies  with  the 
latitudes,  the  season,  and  the  hour  of  the  day;  for  the 
decrease  of  temperature  is  much  greater  in  summer  than  in 
winter;  in  the  afternoon  it  is  more  sensible  than  in  the 
morning,  and  it  also  depends  on  the  serenity  of  the  sky,  on 
nmif  hiul,  and  other  hydrometeors. 


n. 


ON   WINDS. 


OBNBRAXi  CON8IDBRATION8.— So  long  as  the  den- 
fiity  of  the  air  is  the  same  every  where,  the  atmosphere  re- 
mains at  rest ;  hut,  as  soon  as  this  equilibrium  is  broken  by 
uny  cause  whatever,  a  motion  occurs,  which  is  called  mnd. 
If,  in  one  part  of  the  atmosphere,  the  air  becomes  dense,  it 
passes  away  to  those  parts  where  the  density  is  less,  in  the 
same  manner  as  air,  compressed  in  a  pair  of  bellows,  escapes 
by  the  orifice.  This  displacement  of  air  is  analogous  to  that 
of  water  in  rivers;  it  is  a  flowing  of  the  aerial  ocean  from 
one  region  towards  another. 

These  currents,  the  laws  of  which  we  are  about  to  study, 
play  a  grand  part  in  nature.  They  favour  the  fecundation 
of  flowers,  by  agitating  the  branches  ofplants,  and  trans- 
porting the  polkn  to  great  distances.  They  renew  the  air 
of  cities ;  and  they  mitigate  the  climates  of  the  north  by 
bringing  to  them  the  heat  of  the  south.  But  for  them  rain 
would  be  unknown  in  the  interior  of  continents,  which  would 
be  transformed  into  arid  deserts. 

DIRECTION  or  THB  ^XTINDB. — ^To  indicate  the  di- 
rection of  the  winds,  the  four  cardinal  points  would  be  in- 
sufficient. The  horizon  is,  therefore,  divided  into  eight  equal 
parts,  and  the  wind  is  designated  by  giving  it  the  name  of 
the  points  of  the  horizon  wnence  it  blows.  The  eight  kinds 
of  winds  are  norths  north-east,  east,  wtUh'tast,  sotUhy  south' 
west,  west,  and  north-west 

In  meteorological  regtsters,  we  merely  write  the  initial 
-of  these  words,  that  is :  N.,  N.E.,  E.,  S.E.,  S.,  S.W.,  W., 
N.W.  Many  meteorologists  divide  the  horizon  into  sixteen 
equal  parts,  and  desi^piate  the  points,  intermediate  between 
the  eight  above  mentioned,  by  placing  before  them  the  letters 
K.  or  S.,  according  as  the  region  whence  the  wind  blows 
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is  placed  between  the  meridian  and  one  of  the  points  N.E., 

H!W.,  SJE^  SAV.  ;  or  the  letters  E.  or  W.,  if  the  r^on  is 

intennediate  between  the  said  points  and  the  line   £.W.f 

which  is  perpendicular  to  the  meridian.    Thus,  the  region 

aitusted  between  the  N.  and  the  N.W.  is  named  the  N.N.  W. ; 

that  situated  between  the  N  J2.  and  the  E.  will  he  desi^ated 

hy  E.NJB.    The  sixteen  points  into  which  the  horizon  is 

divided  are,  therefore,  N.,  NJ^.E.,  NJB.,  E.N.E.,  £.,  E.S.E., 

S.E.,  S.S.E.,  S^  S.S.W.,  S.W.,  W.S.W.,  W.,  WJf.W., 

N.W^  Nr.N. W.  In  some  particular  cases,  it  is  useful  to  obtain 

a  still  iurther  apprommation.    The  r^on  is  then  described 

by  means  of  the  ordioary  diyisions  of  the  circle  into  360^» 

startiiig  fhim  the  N.  or  mm  the  S.,  and  pointing  out  whe-' 

ther  ihe  elevation  is  east  or  west  from  the  meridian.    Thus 

S.  83°  E.  indicates  a  wind  coining  from  a  point  situated  be** 

tweenthe  Rand  the  S.  at  83*' from  the  meridian;  N.  12'' W. 

is  a  wind  which  blows  from  a  point  situated  between  the  N. 

wood  the  W.,  but  at  12^  distance  from  the  north. 

Vanes  indicate  the  general  direction  of  the  wind  on  the 
SDilaoe  of  the  earth.  They  are  commonly  placed  on  ele-' 
Tated  bnildinjgs,  such  as  steeples,  towers,  so  tnat  small  vari'^ 
itioDS,  resulting  fiom  accidents  of  the  ground,  may  not  have 
any  action  on  them.  Clouds  indicate  the  direction  of  the 
npper  aerial  currents.  As  it  differs  very  often  from  the  di- 
xeetion  of  the  wind  on  the  surfkce  of  the  earth,  it  is  well  to 
note  both  in  meteorological  registers. 

VBitfOorrsr  of  thjb  wind.— The  imequal  force  of 
the  wind  is  a  fact  of  daily  observation.  We  find  every  con- 
eeivable  transition  between  an  almost  insensible  breeze  and 
hoiricanes,  which  overthrow  walls,  and  root  up  the  lar{;e8t 
trees.  Aooordinff  to  their  rapidity,  the^y  are  divided  into 
gentle  wind  (sli^t  breeze),  moderate  wmd  (brisk  breeze\ 
strong  wind  (fresh  breeze),  violent  wind  (strong  gale), 
storm  and  tempest.  The  name  of  hurricane  is  given  to 
those  violent  and  continued  tempests  which  are  observed  in 
the  bad  season.  Within  the  tropics  this  word  is  applied  to 
winds  which  have  nothn^  in  common  with  our  European 
hurricanes.  In  mean  latitudes,  violent  storms  of  the  finer 
season  are  also  des^nated  bv  this  name. . 

For  the  most  part  the  mrce  of  the  wind  is  estimated  by 
the  sensation  it  produces  on  our  body,  and  is  designated  by 
the  figures  1,  2,  3,  4,  the  wind  No.  4  being  the  most  violent 
of  all.  But,  in  order  to  obtain  exact  measures,  we  must 
have  recourse  to  an  anemometer.  If  we  suspend  a  surface 
vertically,  in  such  a  manner  that  it  shall  be  perpendicular 
to  the  direction  of  the  wind,  and  shall  be  able  to  turn  around 
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one  of  its  horizontal  edges  as  upon  a  hinge,  the  wind  will 
deviate  it  from  the  vertiod ;  and,  in  order  to  restore  it  to  its 
former  position,  a  force  must  be  employed,  which  will  be 
greater  as  the  wind  ib  stronger.  If  we,  therefore,  suspend  a 
weight,  capable  of  restoring  it  to  its  vertical  position,  to  a 
lever  constituting  a  continuation  of  the  surfieu^e,  the  force  of 
the  wind  may  be  deduced  from  the  weight  employed.  At 
first  sight  this  idea  appears  exceedingly  simple ;  it  is,  how- 
ever, very  difficult  to  put  in  practice.  It  is  better  to  oppose 
to  the  wmd  a  heavy  plate,  and  to  measure  its  angle  of  de* 
viation  from  the  vertical.  One  defect  is  common  to  all 
forms  of  this  apfmratus ;  it  is,  that  they  can  only  indicate 
ihe  force  of  the  wind  at  the  moment  of  observation ;  and,  in 
order  to  obtain  the  mean  velocity  of  the  wind,  it  is  necessary 
to  make  continued  observations. 

Woitmann's  anemometer  appears  to  me  the  best  con- 
trived of  all.  Imagine  an  ordiiuury  vane,  furnished,  on  the 
side  which  turns  toward  the  wind,  with  an  horizontal  azu, 
€arryinff  two  small  windmill  sails.  The  aerial  current  first 
places  tne  vane  in  the  pnyper  direction ;  it  then  sets  these 
aails  in  motion.  The  stronger  the  wind  is,  the  more  rapidly 
do  they  turn.  The  axis  carries  an  endless  screw,  which  cor- 
xesponds  with  a  toothed  wheel,  in  order  to  estimate  the  ro- 
tations. If  its  position  is  noted  at  the  commencement  and 
at  the  end  of  an  observation,  the  number  of  rotations  made 
in  a  minute  is  easily  calculated.  Li  order  to  obtain  from 
this  the  velocity  of  the  wind,  nothing  more  is  necessary  than 
to  choose  a  calm  day,  and  to  travel  in  a  carriage  or  on  a 
railway  any  known  distance  in  a  f^ven  time.  It  is  evident 
that  the  effect  will  be  the  same  as  if  the  air  were  in  motion, 
while  the  instrument  remained  at  rest  A  table  is  then  con- 
structed, which  informs  us  of  the  velocity  of  the  wind  which 
turns  the  saUs  40,  50,  or  60  times  in  a  minute.  We  might 
also  accurately  regulate  the  instrument,  by  placing  it  on 
an  exposed  plain,  and  observing  the  distance  per  minute  to 
which  the  wind  carries  light  bodies,  such  as  small  pieces  of 
paper,  down,  or  leaves. 

It  would  undoubtedly  be  very  desirable  to  have  a  great 
number  of  exact  measures  of  the  velocity  of  the  wind ;  but 
serious  difficulties  have,  at  all  times,  eniettered  this  class  of 
researches.  Indeed,  the  instrument  ought  to  be  erected  on  a 
vast  jplain,  in  the  open  air  or  on  a  roof,  situations  which  are 
very  inconvenient  for  the  observer.    (  Vide  Note  B.) 

The  velocity  of  the  higher  aerial  currents  is  measured  by 
the  rapidity  with  which  the  shadow  of  a  cloud  moves  along 
the  surface  of  the  earth. 
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VBJkXI    l>XXtSCTION  OF  THE  ^WIND.— We  will  8Up- 

Yoecli^iaA,  m  a  given  place,  the  force  and  the  direction  of  the 
ninda  ^have  l>een.  noted  for  a  certain  time ;  our  first  inqninr 
ihill  b&)  as  to  iff-hich  wind  has  blown  most  frequently.    We 
tkoB  obtain  eight  or  sixteen  numbers,  which  do  not  teach  us 
what  we  desire  to  know ;  but,  if  we  know  how  often  and 
irikh  what  force  each  of  these  winds  blew,  we  might  arrive 
iX  a  positLTe  result.    Indeed,  each  wind  drives  through  the 
^ace  where  the  observer  dwells  a  mass  of  air  derived  from 
the  region  whence  it  comes.    The  velocities  being  equal,  this 
mass  of  air  is  greater  in  proportion  as  the  wind  nas  pre- 
vailed longer.    If  the  wind  is  succeeded  by  another  blowing 
in  a  diametrically  opposite  direction,  the  same  mass  of  air 
wiU  he  brought  back.    As  the  velocity  of  winds  is  rarely 
catimated,  we  are  compelled  to  take  account  of  their  fre- 
quency only,  and  to  suppose  their  force  equal.    Let  us  sup- 
pose then  that,  in  a  given  place,  the  north  wind  has  blown 
thirty  times  and  the  south  wind  twenty  times ;  the  former 
will  have  brought  with  it  a  mass  of  air,  which  we  may  de- 
agnate  by  thir^ ;  but  the  south  wind  has  taken  back  two- 
tldrds  of  this  mass,  or  twenty ;  and  the  definite  result  is  the 
same  as  if  the  north  wind  had  blown  30 — 20,  or  ten  times. 
Jf  the  north  wind  and  the  east  wind  had  each  blown  twenty 
times,  the  result  would  have  been  the  same  as  if  the  wind 
had  blown  from  the  N.E.    By  considering  the  winds  in  this 
way,  as  forces  which  set  the  aur  in  motion,  we  may  seek  after 
their  resultant  according  to  the  laws  of  mechanics,  and  we 
thns  obtain  the  mean  direction  of  the  wind.    But  we  have 
to  determine  not  only  the  direction,  but  also  the  force  of  this 
resultant.    To  arrive  at  this,  let  us  suppose  that  the  sum  of 
the  observed  directions  amounts  to  1000,  and  let  us  divide 
the  velocity  calculated  for  the  mean  direction  of  the  wind  by 
this  number.    If^  then,  we  find  that,  at  a  given  place,  the 
mean  direction  of  the  wind  is  S.  63°  W.,  and  its  force  158, 
it  means  that  the  thousand  winds,  which  have  been  noted  at 
this  spot,  have  acted  in  displacing  the  atmosphere,  precisely 
in  the  same  manner  as  if  the  S.  63°  W.  wind  had  blown  158 
times.* 

*  Thin  mean  direction  ma^-  be  easily  obtained  by  a  general  formula.  On  a 
rompam  c«rd»  draw  a  radius  from  the  centre  to  the  point  of  the  circum- 
ierernce,  whence  the  wind  comes,  and  agree  to  designate  this  direction  by  the 
an|^  (azhnuth)  which  this  line  makes  with  the  meridian,  oalculating  from 
tfie  north  toward  the  east.  The  trigonometric  tangent  of  this  angle  will  be 
firen  by  the  formula 

E.-W.+  iy/fcy.E.-fS.E.-N.W.-S.V.) 
N.-8.+  k^2  rN.E.+N.W.-8.E.-S.W. 
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This  is  Lambert's  method.  M.  Schotiw  seeks  the  nu- 
meric relation  between  the  east  (N.E.,  £.,  S.£.)  and  the  west 
winds  (N.W.,  N.,  S.W.),  and  that  between  the  north 

g!J.W.,  N.,  N.E.^  and  the  south  (S.W.,  S.,  S  Ji.)  winds. 
\  at  the  same  place  and  in  a  given  time,  the  winds  have 
blown  as  follows :  the  N.  84  times ;  N.E.  98 ;  E.  119 ;  SJQ. 
87;  S.  97;  S.W.  185;  W.  198;  N.W.  131;  and  we  sup- 
pose that  the  total  number  of  winds  is  1000 ;  we  shtdl  find 
that  the  total  number  of  east  winds  has  been 

98  H-  119  +    87  =  304; 

that  of  west  winds, 

185  +  198  +  131  =  514; 

that  of  north  winds, 

131  +    98  +    84  =  313; 

and,  lasilj,  that  of  south  winds, 

87  +    97  4-  185  =  369. 

We  find,  therefore,  for  this  locality,  that  the  frequency 
of  east  winds  is  to  that  of  west  win^  as  304  :  514,  or  aa 
1  :  1,69 ;  and  the  frequency  of  north  to  that  of  south  winds 
is  as  313  :  369 ;  or  as  1  : 1,18.  So  that  the  frequency  of 
south  and  of  west  winds  is  suj>erior  to  that  of  north  and  of 
east  winds.  The  same  result  is  obtained  by  Lambert's  me- 
thod; which,  in  the  preceding  example,  gives  S.  76^  W.  for 
the  direction,  and  177  for  the  mean  force  of  the  wind. 

OAU8S8  OF  WINDS. — Aa  currents  are  always  pro- 
duced by  a  disturbance  of  equilibrium  in  the  state  or  the 
atmosphere,  it  would  seem,  at  first  sight,  that  they  must 
needs  recognise  an  infinite  number  of  causes.  But  a  more 
detailed  analysis  shews  that  all  these  causes  are  deducible 
to  differences  of  temperature  between  neighbouring  countries. 
Suppose  that  two  columns  of  air  have  the  same  temper- 
ature throughout  their  entire  height,  they  would  be  m  equt" 
Ubrio:  but  if  the  earth,  on  which  they  rest,  were  unequally 
heated,  the  equilibrium  would  be  destroyed. 

Throwing  out  of  the  account  the  sphericity  of  the  globe> 
suppose  that  the  air  has  the  same  density  throughout  its 

whttre  we  represent  the  number  of  times  that  each  corresponding  wind  has 
blown  in  a  total  of  1000  times,  by  N.,  N.E.,  E.,  &c. 

When  this  angle  is  once  obtained,  the  product  of  the  denominator  of  the 
aboTc  fraction,  by  the  trigonometric  secant  of  the  same  angle,  will  gire  the 
general  resultant  of  the  wind. 

The  result  of  these  calculations  is  not  Tery  accurate,  as,  for  want  of  ocm- 
▼enient  and  exact  instruments,  fitted  to  measure  the  velocity  of  the  wind, 
we  are  obliged  to  suppose  that  each  kind  of  wind  has  blown  with  the  same 
mean  Telocity.-— M. 
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entire  beiffht,  and  that  its  upper  limit  is  clearly  detennined. 

Let  AB  ^1.  n.  fig.  1)  represent  the  surface  of  the  earth, 

tnd  CD  the  limit  of  the  atmosphere,  parallel  to  AB.    If 

the  whole  surface  AB  were  equally  heated,  the  air  would 

expand  and  remove  the  limit  CD  further  from  the  earth. 

Bat,  if  the  portion  EF  is  heated,  while  AE  and  FB  preserve 

the  same  temperature,  then  the  column  of  air  £FIL  will 

expand,  and  its  upper  limit  will  he  more  elevated  in  GH 

than  in  IL  for  example.    But,  like  as  a  drop  of  water,  when 

it  falls  on  a  liquid  surface,  extends  equally  in  all  directions, 

so  also  the  drop  of  air  situated  hetween  GH  and  IL  passes 

away  in  all  directions  and  produces  winds,  which,  as  the 

upper  arrow  indicates,  blow  from  the  hot  towards  the  colder 

eountries. 

Whilst  these  phenomena  are  ([oingj  on  in  the  higher  re- 
gions of  the  atmosphere,  the  equilibrium  is  also  destroyed 
at  the  level  of  the  ^und ;  the  weight  of  the  columns 
ACIE  and  FBLD  bemg  increased  hj  the  whole  weight  of 
■ir,  which  has  been  difrased  over  thei^  upper  surface,  this 
inerease  of  weight  is  communicated  in  all  directions  with  a 
fiMiIity  bearinff  proportion  to  the  comparative  diminution  of 
the  oolunm,  wnich  nas  £F  for  the  base.  Like  as  air  com- 
pressed in  a  ^lobe  rushes  out  as  soon  as  an  opening  is  made,. 
ao  does  the  air  flow  away  fh>m  the  colder  towards  the  hotter 
xcgionfl,  in  the  direction  of  the  lower  arrows. 

If  the  r^ion  £F  is  considerably  cooled,  the  atmosphere^ 
■tnated  above  it  would  contract ;  and  the  columns  of  air 
A£  and  FB  would  pass  towards  £F,  whilst  two  inverse 
corrents  would  take  ^ace  at  the  surface  of  the  ^lobe.  The 
combination  of  these  facts  leads  to  the  foUowmg  conclu- 


IfUco  ne^hbouriRg  regions  are  unequally  healed,  there  is. 
produced^  in  the  upper  strata,  a  toind  blowing  from  the  hotter 
to  the  colder  region ;  andj  at  the  surface  ofBie  soilj  a  contrary 
current 

This  is  the  cause  of  the  winds  that  we  observe.  The- 
little  experiment  which  follows,  and  which  is  due  to  Frank- 
Ua,  very  well  represents  what  takes  place  in  the  atmo- 
sphere. Open  in  winter  a  door  communicating  between  a 
hot  and  a  cold  room,  there  will  be  two  currents :  the  one 
above,  and  directed  from  the  hot  to  the  cold  apartment ;  the 
other  below,  and  in  a  contrary  direction.  , 

To  be  convinced  of  this,  it  is  only  necessary  to  place  two 
tapers  by  the  door,  the  one  high  up  and  the  other  low 
down ;  the  flame  of  the  former  wnl  be  directed  from  wnthin 
outwards,  that  of  the  latter  in  the  contrary  direction.    Some- 

g2 
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times  these  two  currents  exist  above  and  below  a  pane  of 
glass  when  imperfectly  puttied  in ;  and  we  observe,  in 
winter,  that  a  tlucker  layer  of  ice  is  accumulated  at  its  lower 
part.  In  a  chimney  and  in  a  lamp-glass  an  ascending  cur- 
rent is  kept  up,  which  feeds  the  flame ;  and  this  current  is 
stronger  as  the  sides  of  the  chimney-funnel  or  the  lamp- 
glass  are  more  heat«d.* 

Some  philosophers  have  endeavoured  to  find  in  the  ter- 
restrial globe  itself  the  cause  of  all  the  winds.  In  mountains, 
say  they,  the  'winds  are  more  violent,  because  they  escape 
more  easily  from  the  bosom  of  the  earth.  But,  although 
winds  may  be  stronger  in  mountainous  countries,  this  is 
merely  because  the  valleys  and  the  siunmits  determine  local 
currents,  the  velocity  of  which  is  added  to  that  of  the  prin- 
cipal wind.  If  violent  south  winds  prevail  in  the  midole  of 
Europe,  they  acquire  a  violence,  of  which  we  can  form  no 
idea,  m  the  valleys  of  the  Swiss  Alps,  where  they  are  known 
by  the  name  o^/oen.^  "Water  conducts  itself  m  the  same 
manner,  when  the  bed  of  a  river  becomes  narrow,  or  studded 
with  rocks ;  rapid  curraits  rush  in  all  directions  among  the 
rocks,  even  where  the  water,  a  few  metres  higher  up,  pre* 
serves  its  tranquillity.  De  Sausstire  has  likewise  observed 
on  the  Alps  alternations  of  calm  and  very  violent  gales. 

Some  philosophers  have  also  laid  stress  upon  a  fact  well 
known  to  miners.  During  and  before  violent  tempests  they 
have  observed  very  strong  ascending  currents ;  but  it  must 
not  be  forgotten  that  storms  are  almost  always  preceded,  or 
accompanied,  by  a  great  fall  in  the  bfunometric  column.  The 
atmospheric  pressure  becoming  less,  the  air  in  the  bowels  of 
the  earth  expands,  and  ascends  to  the  surface.  This  phe- 
nomenon reminds  one  of  the  experiment  which  has  often 
been  made  with  the  air-pump.    Place  under  the  receiver  a 

*  The  winds  prodnced  in  this  way  hatd  been  called  tpt'nds  <if  aspiration. 
The  following  is  a  remarkable  example.  On  tJie  1 0th  of  Norember,  1822, 
the  corvette,  CoquiUe,  oommanded  by  Captain  DupaaaKT,  was  suddenly 
asiiailed  by  a  pantfcroj  a  wind  of  frequent  occurrence  at  the  mouth  of  the 
Rio  de  la  Plat«,  althougfa  it  waa  more  than  1000  kilometres  E.N.E.  of  thU 
latitude.  The  eircumstancei  which  serves  to  diaracteriae  this  wind  coming 
from  the  land,  as  a  wind  of  aspiration,  occasioned  by  a  rarefaction  of  the  at- 
mosphere of  the  sea,  is,  that  at  the  moment  when  it  was  felt  there  was  a  rapid 
lUI  of  the  barometer.  {C4Mnpte9  rendtu  de  FAcadhnie  des  Science;  t.  tU. 
p.  312.)— M. 

t  I  was  at  Grlndelwald,  in  the  canton  of  Berne,  during  the  night  of  the 
17th  or  18th  of  July,  1841.  In  the  evening  a  hot  wind  be^ui  to  blow  in  the 
valley ;  it  entered  by  the  hollow  which  separatee  the  Elger  fkrotn  Metten> 
berg.  Its  violence  continued  inoreaaing  during  the  night,  and  the  following 
morning  nothing  was  viable  on  all  sides  but  trees  uprooted  or  broken,  ana 
nofr  curried  away,  and  transported  to  groat  dSstances.  A  vast  quantity  of 
fragments  of  ioe,  detached  from  the  lower  glacier  of  Grindelwald,  were 
stranded  in  the  bed  or  on  the  banks  of  the  black  Lcrtschlne.— M. 
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bladder  which  is  well  closed,  but  quite  flat,  it  will  swell  out 
as  the  yacaum  is  made. 

The  violent  tempests,  which  frequently  accompany  vol- 
canic eruptions,  are  a  last  aimiment  invokea  by  some  authors. 
Stet  this  coincidence  is  explained  in  a  very  simple  manner ; 
to  wit,  the  heat  of  the  volcano  determines  an  ascending  cur- 
rent, and  the  cool  air  rushes  from  all  sides  towards  the 
mountain.  The  winds,  therefore,  have  a  direction  the  direct 
opposite  to  that  which  they  would  have  if  they  escaped  from 
tne  crater  of  the  volcano. 

DIFFERBNCBS  PRBSBNTED  BY  THB  ^VINDB  IN 
THB   DITPBRBNT  REGIONS   OF   THB   OLOBB.  —  On 

exaininiug  the  winds  in  all  parts  of  the  world,  we  find  import- 
ant differences,  which  serve  to  characterise  the  climates. 
On  the  sea-jshore,  especially  within  the  tropics,  a  very 
regular  period  is  observed  every  day.  At  certain  de- 
terminate hours,  the  wind  blows  from  the  sea, — it  is  a  sea- 
breeze  ;  at  other  hours  the  vrind  comes  from  the  land.  In 
the  Atlantic,  and  the  great  ocean  along  the  equatorial  line, 
the  winds  blow  almost  all  the  year  from  the  same  point  of 
the  horixon;  those  which  come  from  the  east  are  called 
tMde-windg,  In  India  and  the  neighbouring  seas,  an  annual 
period  is  observed  in  the  direction  of  the  wind.  For  six 
months  the  wind  blows  constantly  from  one  point  of  the 
horizon,  and  for  the  other  six  months  from  another  point. 
These  variable  winds  are  called  monsoons.  In  the  higher 
latitudes,  all  the  winds  are  variable,  and  the  same  wind 
seldom  lasts  for  several  successive  days. 

IiANB-lKTINDS    AND    SBik^BREBZBS.  —  On   COastS, 

when  the  weather  is  calm^  no  movement  is  perceived  in  the 
air  until  eight  or  nine  o'clock  in  the  morning,  but  at  that 
time  a  sea-breeze  gradually  rises.  It  is  at  firat  gentle,  and 
is  limited  to  a  small  space ;  it  gradually  increases  in  force 
and  in  extent  until  three  o'clock  in  the  afternoon,  then  it 
decreases  to  give  place  to  the  land-wind,  which  rises  soon 
after  sunset,  and  attains  its  maximum  of  velocity  and  extent 
at  the  moment  when  this  body  rises. 

The  direction  of  these  two  breezes  is  perpendicular  to 
that  of  the  coast,  but  if  another  wind  blows  at  the  same  time 
it  is  modified  in  various  wavs.  If  the  east  wind  blows  near 
an  island,  tJie  sea-breeze  will  be  stronger  on  the  east  coast  of 
the  island,  and  the  land-wind  will  he  weak;  on  the  west 
side,  on  the  contrary,  the  land-wind  will  be  stronger  than 
the  sea-breeze.  Oa  the  south  coast  the  direction  of  the 
breeze  will  not  be  normal  to  that  of  the  coast ;  the  land- 
wind  will  blow  from  the  S  J),  at  the  time  of  its  greatest 
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yiolence,  and  the  sea-breeze  from  the  N.E.  In  the  course 
of  the  day  the  wind  will  take  all  the  intermediate  directions. 
In  the  bosom  of  gulfs  the  sea-breezes  are  very  weak,  on  pro- 
montories the  land-breezes  are  weak.  These  breezes  exist 
between  the  tropics,  and  some  traces  of  ihem  have  even  been 
noticed  in  Greenland. 

The  alternation  of  these  winds  is  explained  b^  the  un- 
equal heating  of  the  land  and  of  the  sea.  About  nme  o'clock 
in  the  mommg  the  temperature  is  nearly  the  same  on  the 
hmd  and  the  sea,  and  the  air  is  in  a  state  of  equilibrium.  In 
proportion  as  the  sun  rises  above  the  horizon,  the  earth 
becomes  more  heated  than  the  water;  and  hence  there 
results  an  upper  land-wind,  which  is  recognised  b^  the 
motion  of  elevated  clouds,  and  a  sea-breeze  blowing  m  the 
contrary  direction.  At  the  time  of  the  maximum  tempera- 
ture of  the  day  this  breeze  acquires  its  greatest  force ;  but, ' 
towards  evening,  the  air  on  the  land  becomes  cool,  and,  at 
sunset,  it  has  Uie  same  temperature  as  the  sea  air.  This 
causes  a  few  hours  of  perfect  calm.  During  the  night  the 
land  becomes  colder  than  the  sea,  and  a  land-wind  prevails, 
t^e  maximum  force  of  which  coincides  with  the  time  of  the 
minmum  temperature  of  the  twenty-four  hours,  which  is 
likewise  that  at  which  the  difference  of  temperature  between 
the  earth  and  the  sea  is  at  its  extreme.* 

•  M.  FoDKKST  has  shewn  that  there  exist  in  mountains  day  and  night 
breezes  analogous  to  those  of  the  land  and  sea.  The  following  is  the  sum- 
mary of  this  memoir,  as  given  by  the  author  himself:  — 

1st.  Tne  asperities  of  the  soil  daily  determine  an  atmospheric  flnx  and  re- 
flux, which  is  betrayed  by  ascending  and  descending  breesea,  or  winds,  known, 
ttom  time  immemorial,  in  certain  localities,  under  the  names  of  thalufind^ 
pontiaa,  vestne^  $otore^  vamderou^  rrbat,  vent  du  Mont  Blancy  aloup  du  vefU. 

9d.  These  currents  of  air  obtain  the  highest  degree  of  derelopement  in 
the  hollows  of  valleys,  without,  however,  bebig  pecufiar  to  these  ^tuations ; 
for  they  are  manifested  along  the  entire  slopes,  and  the  current  of  valleys  is 
nothing  more  than  the  result  of  ascensions,  and  lateral  and  partial  cascadaa 
(valleys  of  Cogne,  Aoete,  Quaraxsa,  plain  of  St.  Symphorien,  Pilate,  Chessy). 

3d.  The  passage  from  the  flnx  to  the  reflux  and  the  converse  is  rapid  in 
narrow  gorges,  which,  after  a  short  passage,  tend  toward  elevated  summits 
(valleys  of  Ansasca,  Sesia,  Visbaeli,  Trient,  Cogne,  Val-Megnier,  Martigny,. 
Simplon) :  it  is  slower  in  the  general  basins,  where  the  flux  is  usually  not 
fkdrly  established  until  ten  o'clock  in  the  morning,  and  where  the  reflux  does 
not  oommence  regularly  until  about  nine  in  the  evening  (valleys  of  Gier, 
Acergue,  Brevanne,  Arc,  Aoste,  Foccia,  Upper  Rhone).  The  interval 
between  the  ascending  and  descending  tides  is  occupied  by  alternate  oecil- 
lations,  or  redimdances.  The  hour  of  this  critical  moment  varies  with  the 
seasons,  and  also  with  other  accidental  meteorological  circumstances  (valleys 
of  Aoste,  Maurienne,  Myons,  Gier). 

4th.  The  winds  of  valleys  are  regnlar  in  regular  valleys,  bat  present 
accidents  towards  their  branchings  off;  these  irregularities  may  be  mani- 
fested, according  to  the  mode  in  which  the  valleys  unite,  either  in  the 
diurnal  period  (Martimy,  Aoste),  or  in  the  nocturnal  period  (Verres,  Ban- 
nlo,  St.  Jean  de  Maurienne,  Martlgny,  Flrminy). 

5th.  The  conflgunUon  of  the  upper  parts  of  vtUeys  fli»roi«<is  s  stil]. 
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T&ADS-lxnNDS.  —  Few  phenomena  excited  so  much 
astonishment  among  the  eany  navigators,  who,  in  the 
fifteenth  century,  ventured  into  the  Atlantic  Ocean,  as  the 
east  winds,  which  regularly  blew  within  the  tropics.  The 
companions  of  Colnmlms  were  struck  with  terror,  when 
th^  found  themselves  driven  on  by  continuous  east  winds, 
which  seemed  to  forewarn  them  that  they  would  never  re» 
torn  to  their  country.  For  several  centuries,  the  explanation 
was  sought  afler  in  vain ;  at  last,  Hallcy  and  Hadley  pro- 
posed the  following  theory : — 

The  r^ons  bordering  on  the  equator  are  the  hottest  on 
the  earth,  because  the  sun  is  at  no  great  distance  from  their 
aenith ;  but,  setting  out  firom  these  zones,  the  temperature 
flnoes  on  din^nishing,  in  proportion  as  we  approach  the  poles. 
There  is,  therefore,  formed  an  upper  current  from  the 
equator  toward  the  two  poles,  ana  a  lower  one  from  the- 
poles  to  the  e<^uator.  The  air  from  the  poles  becomes 
neated  in  the  neighbourhood  of  the  equator ;  it  ascends  and 

greater  influence  over  these  winds  according  to  the  hours  and  seasons: 
tfaas  ttiey  are  sometimes  more  characteristic  by  day  than  by  night  (Mau- 
xieone),  at  other  times  more  by  night  than  by  day  (poniias,  aioup  du  veHt  at 
Chessy) ;  sometimes  winter  with  its  snows  is  more  nTourable  to  the  noctur- 
nal winds,  at  other  times  summer  is  to  the  day- winds.  It  would  be  curious 
to  examine,  under  tliis  relation,  the  elliptical  circuits,  which  the  upper  and 
twmtnal  parts  of  the  Jurassic  and  subalpine  Talleys  form,  compared  with  the 
gentle  and  insensible  terminations  of  the  priinitiTe  mountains.  In  the 
▼alley  of  Joujc,  for  example,  the  alternations  from  heat  to  cold  are  so  sudden, 
that  Tariatioos  of  30"  are  often  experienced  there  in  a  few  hours,  and  reapers 
nay  be  seen  in  the  morning  cutting  ice  with  their  sickles,  whilst  a  few 
hoiurs  afterwards  the  thermometer  in  the  sun  indicates  38^ ;  it  is  impossible- 
te  such  differences  as  these  not  to  produce  extraordinary  currents. 

6th.  The  effect  of  these  tides  is  generally  more  decided  in  large  valleys, 
and  is  weakened  in  lateral  ramifications  (Manrienne,  Aoste).  However, 
when  the  basin  becomes  a  true  plain,  capable  of  supplying  large  demands,  or 
abeortoing  a  considerable  mass,  the  effects  are  reduced :  thus  the  pontias 
Tunij  reaches  the  course  of  the  Rhone ;  and  around  Geneva  the  valley 
breeses  of  the  Arve  appear  so  reduced  as  not  to  have  excited  the  attention 
of  the  talmted  philosophers  of  tliat  city.    However,  Uiis  fact  must  be  verified 


7th.  In  comparing  tlie  phenomenon  of  tides  about  mountains  with  that  of 
the  sea  and  land-breexes,  which  are  reciprocally  produced  along  the  coasts, 
v«  perceive  that,  at  the  same  period  when  the  diurnal  sea-winds  are  driving 
ships  to  harl>oors,  the  aerial  wave  is  on  its  part  rising  about  the  mountains ; 
and  in  the  niglit  the  reverse  is  the  case.  It  follows,  therefore,  from  this, 
that  the  whole  of  the  atmosphere  of  the  Bhone  must  be  daily  subifect  to  a 
motion,  which,  on  the  one  hand,  carries  it  from  the  sea  to  the  continent,  and . 
from  the  latter  toward  the  summits  of  the  plain  of  central  France,  or  of  that 
of  the  Alps  and  the  Jura;  after  which  it  would  retmn,  during  the  night,  to 
Ha  i4aoe  of  departare.  But  the  slowness  with  which  any  movement  is- 
transmitted  in  a  great  mass  of  an  elastic  fluid  partially  nullifies  these  effects. 
However,  this  annihilation  is  not  always  complete ;  and,  for  the  fiiture,  I 
am  induced  to  believe  that  the  light  currents  which  are  manifested  during 
the  day  in  the  neighbourhood  of  Lyon,  and  which  may,  in  some  sense,  be 
considered  calms,  are  merely  the  result  of  those  oscillations,  the  effects  of 
which  I  shall  develope  on  another  occasion. 

8th.  The  atmospheric  tides  drive  with  them  bodies  that  have  the  power 
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returns  anew  toward  the  extremities  of  the  terrestrial  axis. 
On  this  principle,  we  ought  to  find  a  north  wind  in  the 
northern  hemisphere,  and  a  south  wind  in  the  soutihem ; 
but  these  two  directions  combine  with  the  motion  of  the 
earth  from  west  to  east,  and  there  results  a  N.E.  wind  in 
one  hemisphere,  and  a  S.E.  wind  in  the  other.  Indeed,  as 
the  diameter  of  the  parallel  circles  continues  diminishing  in 
proportion  as  we  recede  from  the  equator,  and  as  all  the 
points  situated  in  the  same  meridian  turn  round  the  axis  of 
the  earth  in  twenty-four  hours,  it  follows  that  they  move 
with  a  Telocity  much  greater,  as  they  are  nearer  to  the 
equinoctial  line.  But  the  masses  of  air  which  flow  from  the 
north  toward  the  equator  have  an  acquired  velocity  less 
than  that  of  the  r^on  toward  which  they  are  directed. 
They,  therefore,  turn  more  slowly  than  do  the  points  situ- 
ated near  the  equator,  and  they  oppose  to  tnc  elevated 

of  6oatiiig.  Thuf  it  U  that,  acoording  to  circnmitaDces,  mnoke,  and  e«pe- 
oially  vapour  of  water,  condense  during  the  day  around  lofty  peaks  (valleys 
of  Aoete,  Maurienne,  Ossela,  Anzasca,  Sesia,  vale  of  Illiers,  Col  dn  Geant)  ; 
whence  it  foUows  that  the  air  driea  during  the  night,  and  becomes  moiat 
during  the  day,  on  these  hei^its;  while  tae  inTerse  effect  takee  place  at 
night  in  hollows  (Genera,  Col  du  Geant,  St.  Paul).  It  is  eaqr  to  see  from  this 
that  these  tides  must  play  an  important  part  in  ti^e  developement  of  pararitte 
clouds,  and  in  the  phenomena  of  the  distribution  of  rains  and  storms. 

9th.  The  hot  tdr  of  the  plains,  ascending  during  the  day,  tends  to  warm 
the  valleys  and  summits ;  but  this  eifect  is  partly  counterbalanced  by  the 
evaporation  which  it  occasions,  so  that  it  may  become  dry  and  cold  (Bfi^ 
rienne) :  on  the  other  hand,  the  night  breese  tends  to  cool  the  valleys,  by 
bringing  down  the  cold  of  the  upper  regions ;  hence  the  explanation  of  the 
sudden  coolness  occasioned  by  the  tUot^  du  vemtt  the  congelations  of  watery 
vapour  occasioned  by  the  ponUa$t  the  spring  frosts,  which,  at  an  equal 
radiation,  afllsct  more  particularly  the  vegetation  of  the  valleys.  We  might 
«ven  And  in  this  effect  the  explanation  of  some  of  the  anomalies  of  tem> 
peratore,  which  travellers  have  recognised  at  different  heights  on  the  side  of 
mountains. 

lOth.  The  general  upper  winds  might,  under  certain  circumstances,  alter 
the  aerial  wave  or  ebb  (Maurienne,  Aoste,  Ossola,  Hartigny,  Mont  Cenis), 
or  even  complicate  tiiem  (Cogne) ;  but  tiieir  effect  is  not  always  sufflclentlj 
powerAiI  to  destroy  them  entirely  (Mont  Tharbor,  vale  of  Sesia) :  sometimes 
they  produce  a  dead  calm  (Tarentaise).  It  follows  from  this  that  the 
prognostics  of  fine  weather,  deduced  ftt>m  the  regularity  in  the  behaviour  of 
breeaes,  are  often  contradicted  by  experience  (valley  of  Brevenne,  Cbesay, 
Bex).  However,  we  may  say  that  the  destruction  of  the  currents  is  gene- 
n^y  followed  by  rain  (Btaurieraie). 

1 1th.  FinaUy,  circumstances  of  local  temperature  may  also  nuILUy  moun- 
tain breeaes ;  thus  it  is  that  the  ponHnt  ceases  to  blow  when,  during  the 
short  interval  of  summer  nights,  the  earth,  heated  by  a  burning  sun,  has  not 
time  to  become  snfllciently  cool. 

M.  FoDBHET  explains  these  alternations  of  ascending  diurnal  currants, 
and  descending  nocturnal  currents,  by  the  heating  of  summits  by  the  rising 
sun.  which  determines  an  ascending  current ;  whilst  the  helping  of  the 
plain,  which  is  greater  during  the  day  than  that  of  the  mountain,  determiiMS 
a  descending  current  towards  evening.  I  am  the  more  induced  to  admit  this 
explanation,  as  it  follows,  ft^om  the  experiment  made  during  the  sommcr  of 
1842,  at  the  summit  of  the  Faulhoin,  by  M.  Beavais,  that  the  meow  heating  of 
the  surface  of  the  soil  during  the  day  is  seudbly  equal  to  that  of  the 
of  the  air  (Vide  Annmlct  de  Chinie  et  <k  PAfvtfwr,  t.  Ixziv.  p.  837  i  IMO).- 
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parts  of  the  surface  of  the  globe  a  resistance  analogous 
to  that  of  a  well-defined  N.£.  wind.  For  the  same  reason 
the  trade-wind  of  the  southern  hemisphere  blows  from 
the  SM. 

On  approaching  the  equator  from  the  parallel  of  30^, 
few  changes  are  observed  in  the  direction  of  the  winds ; 
they  vary  from  N.N.E.  to  N.£.  or  E.N.E. ;  and  in  the 
neighbourhood  of  the  equator  they  are  £.  It  is,  in  fact, 
at  the  ec^uator  that  the  motion  by  the  earth's  rotation  is 
most  rapid ;  and  there  it  is  that  the  masses  of  air  remain 
most  behindhand,  and  oppose  the  greatest  resistance :  it  is 
on  this  line,  also^  that  tne  trade- winds  from  both  hemi- 
spheres meet,  and  as  one  comes  from  the  N.E.,  and  the 
other  from  the  S  JI.,  an  east  wind  is  the  result ;  as  when  one 
hilliard-ball  is  met  by  another,  it  takes  a  direction  interme- 
diate between  that  m  the  two  balls.  The  trade-winds  of 
our  hemi^here  also  affect  all  the  directions  comprised  be- 
tween £.  and  N.N.E. 

In  the  upper  re^ons  of  the  atmosphere,  there  also  exist 
constant  currents ;  m  the  northern  hemisphere  the  heated 
air  is  determined  toward  the  north ;  and,  m  proportion  as  it 
advances  toward  the  pole,  it  gets  more  and  more  in  advance 
of  the  earth  in  its  rotatory  motion.  The  combination  of 
this  motion  from  the  west  toward  the  east,  with  the 
primordial  direction  from  south  to  north,  ^ves  rise  to  a 
S.W.  vrind.  For  the  same  reason  a  N.W.  wmd  is  observed 
in  the  upper  currents  of  the  southern  hemisphere. 

TRABE-WIND8  OF  THB  ORBAT  OCBAN.-^Bounded 

on  one  side  by  the  western  coast  of  America,  and  on  the  other 
by  the  eastern  coast  of  New  Holland,  sprinkled  merely  with 
small  groups  of  islands,  this  sea  presents  us  with  the  greatest 
masses  of  water  on  our  elobe.  The  N.E.  trade- wind  blows 
very  regularly  at  some  distance  from  the  earth,  between  the 
equator  and  the  northern  tropical  circle.  To  the  credit  of 
this  wind  it  is  that  the  Spanish  ealleons  alwa^  went  direct 
from  Acapalco  to  l^laniDa,  without  wandermg  from  their 
route ;  and  thus  they  did  not  discover  a  multitude  of  islands 
which  have  since  been  seen.  The  northern  limit  of  this 
trade -wind  advances,  during  the  summer  of  our  hemi- 
spthere,  toward  ti^e  north  pole,  and  retreats  during  our 
winter ;  according  as  our  hemisphere  is  hotter  or  colder  than 
the  opposite  hemisphere.  The  N.E.  trade-wind  may  be  said 
to  prevail  between  the  2d  and  the  25th  d^ree  of  N.  lati- 
tnoe ;  the  S.E.  tiade-wind  also  blows  regularly  on  the  south 
of  the  equator ;  its  limits  are  not  so  well  known,  but  we 
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shall  not  be  far  from  the  truth  in  saying;  that  it  extends 
from  the  10th  to  the  21  at  d^ree  of  south  btitude. 

These  winds  rei^  over  the  whole  extent  of  this  sea,  as 
far  as  the  Philippines  and  New  Holland;  but  they  are 
only  found  at  a  certain  distance  from  the  American  coast. 
In  the  belt,  from  2°  N.  to  2°  S.,  which  separates  the  two 
trade-winds,  the  air  is  most  highly  heated ;  and  it  rises  with 
such  force,  that  it  neutralises  the  horizontal  motion.  So 
that,  in  this  belt,  the  dead  calm  is  only  disturbed  by  storms, 
which  the  Spaniards  and  Portuguese  term  tornados  or 
travados.  We  will  call  this  belt  the  region  of  calms;  and 
we  shall' see  that  torrents  of  rain,  and  aunost  daily  storms, 
joined  to  the  causes  mentioned,  are  opposed  to  the  establish- 
ment there  of  r^ular  winds. 

TRADB-lPiriNDB    OF   THB  ATIiANTIO    OCEAN. — 

Navigators  who  traverse  these  seas  in  all  directions  have 
fixed  their  limits  with  ^reat  precision.  In  the  north,  the 
N.£.  trade-wind  does  not  prevail  beyond  the  28th  or  30th 
d^ree.  Its  southern  limit  is  at  a  mean  8°  N. ;  then  comes 
the  region  of  cahns,  extending  to  3°  N.,  whence  commences 
the  S.E.  trade-wind,  which  extends  onward  to  28"^  of  south 
latitude.  The  extent  of  the  region  of  calms  also  depends  on 
the  season ;  in  August  it  extends  from  3°  15'  N.  to  13°  N. ; 
in  February,  from  1"  15'  N.  to  6°  N. 

In  this  sea  the  S.E.  trade-wind  always  extends  to  the 
north  of  the  equator.  M.  Prtvost  thought  of  explaining 
this  anomaly  by  remarking  that  the  southern  hemisphere  is 
colder  than  ours ;  the  region  of  calms  being,  in  his  opinion, 
limited  by  two  bands,  the  mean  temperature  of  which  ought 
to  be  the  same,  the  S.£.  trade-wina  must  pass  beyond  the 
equator.  This  explanation,  which  was  very  favourably 
received  at  the  time,  is  subject,  however,  to  real  difficulties. 
First,  in  the  Great  Ocean  the  equator  forms  the  limit  of  the 
trade-winds ;  then,  if  M.  PrerosVs  explanation  were  cor- 
rect, the  following  absurd  consequence  would  follow :  that 
the  winter  of  the  northern  hemisphere  must  be  hotter  than 
the  summer  of  the  southern  hemisphere,  because  in  this 
season  the  S.R  trade- wind  always  blows  to  the  north  of  the 
equator. 

The  solution  of  this  problem  must  be  sought  where 
M.  da  Hnmboldt  seeks  it,  m  the  configuration  oi  the  basin 
of  the  Atlantic  Ocean.  The  portion  of  South  America, 
situated  to  the  north  of  the  equator,  presents  to  us  the  lofty 
mountains  of  Columbia,  which  separate  the  sea  from  the 
Antilles  of  the  Great  Ocean.   When  the  sun  is  at  the  south 
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of  tbe  equator,  and,  consequently,  during  the  winter  of  the 
northern  hemisphere,  these  seas  are  already  hotter  than  the 
continent ;  but  the  current  which  flows  into  the  sea  of  the 
Antillea,  and  which  is,  so  to  speak,  the  ori^  of  the  Gulf 
Stream,  elevates  their  temperature  still  hi^er.  This  dr- 
comstanoe  would  of  itself  be  sufficient  to  determine  a 
current  of  air  from  the  south  to  the  north,  which,  by  com- 
bining with  the  east  wind,  would  produce  a  S.£.  wind, 
that  would  neutralise  the  N.£.  wind  before  the  latter  had 
xeached  the  equator.  Add  to  this,  that  the  general  direction 
of  tiie  coast  is  from  S.E.  to  N.W.  which  singularly  favours 
the  extension  of  the  south-east  wind. 

WB8T    "WIND     OF    THB     HZOBBR     RSaZONB. — 

We  have  already  shewn  that  this  wind  must  constantly 
jsKTsSL  in  the  higher  regions  of  the  atmosphere  within  the 
tropics.  The  foflowing  proofs  are  still  more  conclusive: 
The  inhabitants  of  Barmidoes,  an  island  situated  to  the 
north  of  the  chain  of  the  Antilles,  one  day  to  their  great 
tftonishment  saw  volcanic  ashes  fall  from  the  skj.  They 
came  from  the  volcano  of  St.  Vincent,  which  is  situated  to 
the  west  of  their  isle.  These  ashes,  having  been  launched 
into  the  air  as  high  as  to  the  redon  of  the  upper  current, 
had  been  transported  by  it  in  tne  direction  from  west  to 
east.  At  the  summit  of  the  peak  of  Tenenffe  almost  all 
travellers  have  found  west  wmds,  even  while  the  trade* 
wind  was  prevailing  at  the  level  of  the  sea.  Paivdaa,  a 
navigator  who  is  well  acquainted  with  these  localities,  re- 
hites  that  little  clouds  often  float  in  a  reverse  direction  to 
the  trade- wind ;  and  Brace  made  the  same  observations  in 
Abyssinia.  A  recent  &ct  confirms  all  the  preceding :  on 
the  25th  of  February,  1835,  the  ashes  emitted  &om  the 
volcano  of  Gosiguina,  in  the  state  of  Guatimala,  obscured 
the  light  of  the  sun  for  five  days ;  they  mounted  into  the 
region  of  the  upper  trade-wind,  and  fell  a  short  time  after- 
wards in  the  streets  of  Kingston  in  Jamaica,  which  is  situated 
to  the  N.E.  of  Guatimala. 

WINDS    IN    THB    INDIAN     OCBAN.— The  winds 

which  prevail  in  these  latitudes,  being  influenced  by  the 
configuration  of  the  lands,  present  phenomena  that  are  very 
difficult  of  analysis.  The  sea  is  bounded  on  the  west  by 
Africa,  which  extends  from  the  S.S.W.  to  the  N.N.E. 
Every  document,  after  having  been  subjected  to  severe 
cntidsm  by  Cii.  Ritter,  tends  to  shew  that  this  continent  is 
an  elevated  table-land,  of  which  the  first  steps  only  have 
been  explored.  On  the  north  are  situated  Persia  and  Arabia, 
which  form  two  slightly  elevated  table-lands,  void  of  rivers, 
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and  covered  with  nothing  hut  a  miserahle  Testation.  On 
the  south  of  these  deserts  of  sand,  the  Indian  peninsula 
advances  into  the  sea  in  a  southerly  direction,  whilst  it  is 
hounded  on  the  north  hy  the  Himalaya  Mountains,  covered 
with  perpetual  snow,  and  hy  the  table-land  of  Thibet.  The 
coast  of  Malabar  rises  abruptly  from  the  bosom  of  the  ocean^ 
whilst  that  of  Coromandel  rises  gradually  above  the  level. 
The  height  of  the  Indian  table-lsuid  is  every  where  almost 
the  same;  it  is  lower,  however,  after  passing  the  north 
point  of  the  island  of  Ceylon.  At  the  east  of  the  Bay  of 
Bengal  is  the  Birman  Empire,  the  land  extends  toward  the 
N.E. ;  the  Chinese  Sea  is  bounded  on  the  north  by  a  diain 
of  mountains,  and  on  the  cast  by  the  Archipelago  of  the 
Philippines.  On  the  south  and  on  the  east  of  the  peninsula 
of  Malacca  are  islands  studded  with  lofty  mountains,  such 
as  Sumatra,  Java,  Borneo,  and  the  Celebes.  To  the  south 
of  this  group  is  New  Holland,  the  interior  of  which  is  un- 
known ;  but  the  absence  of  rivers  makes  it  fiiir  to  suppose 
that  it  presents  neither  table-land  nor  elevated  chains.  The 
dr3me8s  of  the  winds  that  blow  from  the  interior  enables  us 
to  presume,  also,  that  it  ia  not  furnished  with  large  lakes  or 
numerous  ponds. 

This  predominance  of  land,  and*  the  differences  of  tem- 
peratore  constantly  existing  between  it  and  the  sea,  disturb 
the  regularity  of  the  trade-winds.  Regular  winds  prevail 
during  the  winter  and  the  summer,  but  their  direction  is 
not  the  same ;  they  are  knovm  by  the  name  of  monsoons^  s 
word  derived  from  the  Malay,  maussin,  signifying  season. 

In  January,  the  temperature  of  Southern  Africa  is  at 
its  maximum^  that  of  Asia  at  its  Tnimmum.  The  northern 
part  of  the  Indian  Ocean  is  hotter  than  the  continent,  but 
not  so  hot  as  the  southern  part  of  the  same  ocean  at  a 
similar  latitude.  In  both  hemispheres,  therefore,  we  find 
east  winds  directed  toward  the  hotter  parts.  From  October 
to  April,  the  S.E.  trade-wind  prevails  in  the  southern 
hemisphere;  the  N.E.  trade- wind  blows  in  the  opposite 
hemisphere,  and  it  obtains  the  name  of  N.E,  monsoon  ;  be- 
tween the  two  is  the  reeion  of  calms.  When  the  sun 
advances  toward  the  norUi,  the  temperature  of  the  con- 
tinent and  that  of  the  sea  tend  to  an  equilibrium ;  so  that, 
about  the  vernal  equinox,  there  cease  to  be  aDv  prevailing 
winds  in  the  northern  hemisphere,  but  variable  winds  al- 
ternate with  dead  calms  and  hurricanes,  whilst  the  S,E. 
monsoon  prevails  throughout  the  year  in  the  southern  hemi- 
sphere. In  proportion  as  the  northern  declination  of  the 
sun  increases,  the  temperature  of  Asia  increases  more  than 
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that  of  the  sea,  whilst  it  falls  in  New  Holland  and  in 
Soathem  Africa.     This  difference  of  temperature  attains 
hs  nuixmum  in  Jnly  and  August,  months  during  which 
ecmatant  sea-hreezes  are  found  in  the  southern  part  of  the 
Twrlian  Ocean.    On  examining  the  relative  position  of  the 
two  continents,  whose  differences  of  temperature  are  most  dis- 
tinctly marked,  and  reflecting  that  the  masses  of  air  whidi 
are  distant  from  the  equator  must  be  in  advance  of  the 
earth^s  rotation  in  the  easterly  direction,  we  feel  convinced 
that  this  current  must  come  &om  the  S.W. ;  this  monsoon 
also  prevails  from  the  month  of  April  until  October.    Thus, 
wl^lst  in  the  southern  hemisphere  the   S.E.  trade-wind 
prevuls  throughout  the  year,  on  the  north  of  the  equator 
we  And  the  K.E.  monsoon  in  winter,  and  the  S.W.  in 
mnuner. 

These  winds  penetrate  very  far  into  the  neighbouring 
lands,  but  their  direction  is  changed  by  the  configuration  of 
these  continents.  To  give  an  idea  of  the  direction  whidi 
they  affect  each  month,  I  here  give  the  results  of  observa- 
tions made  during  eight  years  by  Hardwicke,  at  Dam-dunif 
near  Calcutta.  The  total  numoer  of  all  the  winds  in  each 
month  is  designated  by  1. 

BBLAliyS  niEQUSNCT  OF  THB  WINDS,  IN  THE  BUTEmBBT 

MONTHS,  AT  CALCUTTA. 


MONTHS. 


January 
February 
^larch 
Apnl 
May  . 
June 
July. 
August 
Se^mber  . 
October .  . 
November  . 
December  . 
Year.    .    . 


N. 


N.£. 


0,132 
0,122 
0,075 
0,033 


0,238 
0,103 
0,046 
0,009 
0,004;0,029 

0  0,030 
0,0080,020 

0  *0,073 
0,021 '0,091 
0,I13J0,n3 
0,332  0,128 
0,2950,126 
0,095'0,079 


s. 


0,066 
0,154 
0,079 
0,029 
0,091 
0,244 
0,177 
0,238 
0,207 
0,064 
0,021 
0,022 
0,116 


S.E. 


0,053 
0,075 
0,176 
0,163 
0,226 
0,159 
0,258 
0,226 
0,266 
0,081 
0,025 
0,010 
0,143 


s. 


0,037 
0,075 
0,197 
0,326 
0,358 
0,197 
0,198 
3,117 
0,091 
0,073 
0,004 

0 
0,141 


8.W. 


0,074 
0,117 
0,281 
0,284 
0,209 
0,250 
0,230 
0,246 
0,232 
0,165 
0,029 
0,014 
0,181 


w. 


0,118 
0,159 
0,079 
0,117 
0,049 
0,090 
0,089 
0,081 
0,071 
0,097 
0,054 
0,120 
0,095 


N.W, 


0,283 
0,196 
0,067 
0,038 
0,033 
0,030 
0,020 
0,020 
0,021 
0,294 
0,407 
0,414 
0,150 


(Fu2s  Appendix,^.  4.) 
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As  a  mean  for  theVhole  year,  the  lower  strata  of  air  are 
displaced  by  1000  winds  blowing  at  Calcutta,  as  if  126  winds 
only  had  blown  from  the  S.  26®  W.  with  the  usual  mean 
force ;  the  other  874  winds  beinff  replaced  by  calm.  This 
direction,  however,  depends  on  the  seasons ;  for,  if  we  de- 
duct from  these  quantities  the  direction  and  mutual  relation 
of  the  winds,  we  construct  the  following  table : — 


SnXCTION,  FOBCB,  AKD  M£AN  RELATIONS  01*  THE  WINDS,  DT 
THE  DUTSBSRT  MONTHS,  AT  CALCUTTA. 


BELATION 
or 

RELATION 

OT 

MONTHS. 

DntECTION. 

FOBCE. 

WEST 

TO 
BAST. 

SOUTH 

TO 
NOBTH. 

January  . 

N.  23°  W. 

0,440 

1,68 

0,25 

February. 

N.  37  W. 

0,146 

1,34 

0,63 

March.    . 

S.  10  W. 

0,380 

1,29 

3,48 

April  .    . 
May    •    . 

S.  17  W. 

0,609 

1,95 

12,88 

S.  12  £. 

0,633 

0,84 

11,11 

June   .    . 

S.  11  £. 

0,453 

0,85 

10,10 

July    .    . 

S.  12  £. 

0,518 

0,75 

14,29 

August 

S.  25  £. 

0,425 

0,64 

6,33 

September 

S.  31  £. 

0,403 

0,58 

4,43 

October   . 

N.46  VV. 

0,306 

2,16 

0,42 

November 

N.  19  W. 

0,708 

2,82 

0,07 

December 

N.  25  W. 

0,726 

3,47 

^       0,03 

In  the  vrinter  months,  then,  we  find  a  marked  pre- 
dominance of  N. W.  winds ;  so  that,  in  December,  the  mean 
direction  is  the  N.N.W.,  as  if  726  winds  out  of  1000  blew  in 
this  direction.  The  predominance  gradually  diminishes: 
even  in  March  the  winds  blow  more  frequently  from  the 
south  than  from  the  north ;  the  west  winds,  however,  still 
retaining  their  superiority  over  those  from  ^e  east.  This 
relation  ceases,  in  its  turn,  in  proportion  as  the  meridian  al- 
titude of  the  sun  increases ;  and,  at  the  summer  solstice,  the 
wind  blows  from  the  S.S.£.,  a  direction  diametrically  op- 
posed to  that  of  the  winter.    The  winds  turn  to  the  west 
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when  the  declination  of  the  sun  is  more  southerly ;  and  in 
winter  they  again  setUe,  without  variation,  in  the  west 

The  iimuence  of  the  declination  of  the  sun  upon  the 
monsoons  is  also  manifested,  on  comparing  the  epochs  at 
which  they  prevail  at  different  places.  Tae  sun  arriving 
later  at  the  zenith  of  places  situated  more  northerl]^,  the 
S.W.  wind  also  blows  later  at  those  places.  At  Ai\jengo 
(bu.  8^  B(f  N.),  on  the  coast  of  Malabar,  it  commences  as 
early  as  April  8 ;  at  Bombay  (lat.  1 9°  N.),  not  until  May  15, 
Uie  time  at  which  the  sun  is  seen  at  the  zenith  of  these  two 
towns.  In  Arabia,  the  monsoon  appears  a  month  later  than 
on  the  coast  of  Africa,  fifteen  or  twenty  days  later  on  the 
coast  of  Coromandel  than  in  the  northern  part  of  the  island 
of  Ceylon. 

I  have  very  briefly  pointed  out  the  general  direction  of 
these  winds ;  it  is  singularly  modified  in  the  various  locali- 
ties of  the  gi%at  archipelago,  which  is  on  the  east  of  this  sea. 
For  the  navigator,  all  these  details  are  of  the  highest  im* 
{wrtance ;  for,  by  taking  advantage  of  these  winds,  naviga- 
tion is  rapid  and  easy.  Even  in  the  times  of  remotest  anti- 
quity, they  fiivoured  the  communications  which  were  then 
80  uequent  between  India  and  Egypt.  At  the  fall  of  the 
latter  empire  these  relations  ceased,  and  the  tradition  of 
these  winds  was  lost ;  for,  had  they  been  known,  Nearciui 
would  not  have  made  so  long  and  tedious  a  voyage  from  the 
mouths  of  the  Indus  to  the  bottom  of  the  Persian  Gulf. 

WINDS  OF  THE  MBDITERRANSAN. — This  suc- 
cession of  regular  winds  is  met  with  in  other  countries,  al- 
though it  is  nowhere  so  remarkable  as  in  the  Indian 
Ocean.  However,  the  Mediterranean  has  its  monsoons, 
which  were  even  known  by  the  ancients,  who  had  indicated 
their  dependence  on  the  seasons  by  denominating  them 
etesian*  icinds. 

The  immense  desert  of  Sahara  extends  to  the  south  of  the 
basin  of  the  Mediterranean.  Deprived  of  water,  and  en- 
tirely composed  of  sand  and  loose  flints,  it  becomes  very 
highly  heated,  under  the  influence  of  an  almost  vertical  sun, 
whilst  the  Mediterranean  preserves  its  ordinary  tempera- 
ture. So  that,  during  winter,  the  air  ascends  above  the 
desert  of  Sahara  with  great  rapiditv,  and,  for  the  most  part, 
passes  away  towards  the  north ;  wnilst  lower  down  there  are 
north  winds,  which  extend  even  as  far  as  Greece  and  Italy. 
In  the  north  of  Africa,  at  Cairo,  Alexandria,  and  other 
places,  according  to  the  unanimous  testimony  of  voyagers, 


•  * 
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none  other  than  north  winds  are  found.  All  navigators 
know  that,  in  summer,  the  passage  from  Europe  to  Africa 
is  much  quicker  than  the  return ;  *  in  winter,  on  the 
contrary,  when  the  sand  radiates  powerfully,  the  air  of  the 
desert  is  colder  than  that  of  the  sea;  and  m  Egypt  a  very 
cold  south  wind  is  felt,  which  is  not  nearly  so  strong  as  the 
north  winds  of  summer. 

DS8CENT    OF    THE    1VE8T   'WTK1>    FROM    THB 
HIGHER     STRATA     IN     MEAN     liATITUDES.  —  We 

have  already  described  and  pointed  out  the  existence 
of  this  counter-current  to  the  trade-winds.  In  proportion 
as  it  arrives  at  the  higher  latitudes,  it  loses  its  velocity 
and  its  heat,  and  descends  at  about  the  30th  parallel.  This 
is  the  origin  of  the  S.W.  winds,  which  previdl  even  as 
far  as  the  pole  in  the  northern  hemisphere.  At  sea,  these 
winds  blow  with  so  much  reffularity,  that  the  voyage  from 
America  to  Europe  is  mucn  more  easy  than  the  return. 
Thus,  from  a  mean  of  ax  years,  the  packets  calculate  on 
40  days  to  go  from  LivenxMl  to  New  York,  and  only  23 
days  to  return  from  New  xork  to  Liverpool. f 


*  The  present  fkreqaency  of  lUtTigation  between  France  and  Algiers  has. 
for  some  years,  given  us  better  opportunities  of  apprec{a.ting  the  normal  state 
of  the  winds  in  the  western  part  of  the  Mediterranean  basin.  North  winds 
are  decidedly  thoee  which  prodomlnate.  This  firequency  of  north  winds  is 
gathered  from  several  indloAtions.  Thus,  if  we  compare  the  semi-mean  of 
the  outward  and  homeward  trips  between  Toulon  and  Algiers,  we  find  tiuit 
the  homeward  trip  is  longer  by  one-fourth  for  *  sailing  vesseU  and  by  one- 
tenth  for  a  steam-vessel.  The  effect  cannot  be  attributed  to  the  currents; 
for  they  are  very  feeble.  Then  all  the  declivity  north  of  the  islands  of 
Minorca  and  Bfinorca,  and  espeeiaJly  of  the  latter,  is  brushed  with  tihe  same 
wind,  which  occasions  a  very  sensilbe  check  In  v^^etatlon.  These  winds 
prevail  at  Algiers,  Toulon,  and  Marseilles. 

In  winter  they  attain  their  greatest  violence  between  the  coast  of  Pro- 
Ttnoe  and  that  of  Africa. 

By  the  intervention  of  these  north  winds  the  sea-breece  of  the  coasts  of 
Africa,  which  results  ftt>m  the  tbermometrlc  aspiration  exercised  ttom  the 
north  toward  the  south  by  the  burning  sands  of  Sahara,  is  associated  with  the 
north  winds  that  prevail  in  Provence,  and  in  the  whole  of  the  basin  of  Uie 
Bhone.  We  are,  therefore,  pennltted  to  believe  that  all  these  winds  have  a 
common  orl^n. 

In  sommer,  the  nrevailing  wind  of  the  Medlternuiean  basin  is  the  N.E. 
This  wind  is  probably  nothing  more  than  the  lower  trade-wind.  The  line 
€>t  maximum  temperature  is  divided  by  the  effect  of  the  sun,  at  about  20"  north 
latitude,  and  it  is  not  astonishinr  that  the  lower  trade-wind  extends  SO"  more 
to  the  north ;  but  tills  wind  is  ur  from  having  the  regularity  of  the  trade- 
winds  of  the  two  oceans. 

The  north  wind  also  predominates  in  the  western  part  of  the  same  barin. 
8o  that  in  Egypt,  firom  the  I6th  of  May  to  the  15th  of  October,  the  winds 
constantly  blow  from  the  north  and  the  north-west.  In  the  winter,  their 
direction  is  less  constant ;  but  the  predominance  of  north  winds  is  still  very 
marked.— M. 

t  To  make  these  calculations  entirely  satisfactory,  the  mean  velocltv  of 
the  Cu^  Stream,  which  favours  the  return  to  Europe,  should  be  taken  into 
aocount. 
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The  N.E.  trade-vind  advances  more  towards  the  north 
in  the  Atlantic  Ocean  in  summer  than  in  winter.  Thus  the 
observations  of  Heinecken,  who  abode  several  years  at 
Madeira,  teach  us  that  the  north  winds  are  predominant 
throughout  the  year,  especially  in  summer,  when  the  south 
ivinds  do  not  blow  at  all.  The  trade-wind  is  even  felt  on 
the  coast  of  Portugal.  Meteorological  observations  con- 
tinued for  four  years  at  Mafra  prove  that  the  mean  direction 
of  the  wind  there  is  N.  3^  E.,  with  the  same  force  as  if  836 
out  of  1000  winds  blew  in  this  direction,  while  in  winter  the 
Amth  winds  are  more  common. 

The  region  in  which  the  two  winds  interchange  extends 
OKxre  or  less  towards  the  north.  During  the  winter,  the 
places  in  which  both  blow  regularlv  are  separated  by  a  belt, 
where  variable  winds  alternate  with  calms  and  violent  gales. 
If  you  consult  the  journals  of  ships  sailing  from  Europe  to 
the  southern  hemisphere,  you  will  see  that  they  are  aunost 
always  assailed  by  squalls  oefore  reaching  the  region  of  the 
tnde-winds. 

It  is  almost  a  general  rule,  that  gales  are  not  felt  except 
in  latitudes  where  regular  winds  do  not  prevail;  for  ex- 
ample, in  the  region  of  calms,  or  even  in  the  Indian  Ocean, 
when  the  monsoons  change.  It  is  the  same  in  our  coun- 
tries. The  following  confirms  this  general  thesis, — that  if 
two  currents  run  one  beside  the  other,  but  in  an  opposite 
direction,  there  are  found  in  the  limit  which  separates  them 
either  perfectly  calm  waters,  or  else  whirlpools.  Examine 
fhe  conflux  of  two  rivers  in  the  angle  formed  by  the  two 
copents ;  the  water  is  in  some  places  perfectly  smooth,  then 
a^tated,  to  return  immediately  to  calm.  In  like  manner, 
^en  the  N.E.  wind  prevails  below,  and  the  S.W.  above, 
"Holent  whirlwinds  are  formed  at  their  limits,  which  descend 
to  the  surface  of  the  earth,  and  are  often  endowed  with  pro- 
digious force. 

OBMERAXi     DIRBCTXON     OF     THB    WIND8     IN 

MMAM  OK  RIOHBR  iiATlTUDEB.  —  The  trade-wmd, 
which  comes  down  in  our  latitudes,  is  the  cause  of  the 
frequent  occurrence  of  the  lower  S.W.  winds  that  prevail 
in  nigh  latitudes.  In  my  Treatise  on  Meteorology^  I  have 
INMnted  out  the  relative  frequency  of  these  winds  at  a  great 
ttomber  of  places  in  Europe  and  America ;  I  will  at  present 
ooatent  myself  with  a  few  countries.  Designating  the  total 
numbor  or  winds  that  blow  in  a  given  time  by  1,  the 
following  decimal  fractions  will  indicate  their  relative  fre- 
quency.   Or,  which  comes  to  the  same  thing,  we  may  de- 
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ngnate  the  total  number  of  windB  by  1000;  then  these 
decimal  fractions  become  whole  numbers.* 


BELATIVE  FKEQUENCT  OF  THE  WINBS  IN  DIITEBENT 

COUNTBIES. 


COUNTRIES. 


England  .. 

France  and 
the  Low 
Countries 

Germany . . 

Denmark.. 

Sweden. . . . 

Bussia  and 
Hungary. 

North  Ame- 


nca. 


N. 


0,082 


0,126 
0,084 
0,065 
0,102 

0,099 

0,096 


N.E. 


0,111 


0,140 
0,098 
0,098 
0,104 

0,191 

0,116 


E. 


0,099 


0,084 
0,119 
0,100 
0,080 

0,081 

0,049 


8.E. 


0,081 


0,076 
0,087 
0,129 
0,110 

0,130 

0,108 


s. 


0,111 


0,117 
0,097 
0,092 
0,128 

0,098 

0,123 


8.W. 


0,225 


0,192 
0,185 
0,198 
0,210 

0,143 

0,197 


0,171 


0,155 
0,198 
0,161 
0,159 

0,166 

0,101 


N.W. 


0,120 


0,110 
0,131 
0,156 
0,106 

0,192 

0,210 


{Vide  Appendix,^.  5.) 

The  mere  inspection  of  the  preceding  table  shews  the 
predominance  of  S.W.  winds;  for,  in  all  these  countries, 
the  most  frequent  wind  blows  from  a  point  in  the  western 
semi-circumference  of  the  horizon.  If  we  deduce  the  mean 
direction  from  these  indications,  as  well  as  the  relative  force 
of  the  mean  wind,  we  construct  the  following  table : — 


*  It  U  not  without  interest  to  remark,  that  the  mean  direction  in  France 
is  not  erery  where  the  same.  From  the  researches  of  M.  Fouavrr  {At^ 
nalft  de  la  Socittf  d^AgricmUure  de  J^i^ok),  our  country,  in  respect  to  the  dis- 
tribution of  winds,  may  be  divided  into  three  regions:  1st.  the  Atlantic 
region,  which  embraces  the  centre,  the  N.E.,  the  N.,  and  the  W.  of  the 
kingdom,  and  of  which  the  prevailing  wind  is  the  S.W. ;  2d.  the  basin  of 
the  Rhone,  where  the  N.  wind  blows  from  DUon  to  the  latitude  of  Viviers ; 
3d.  the  Mediterranean  region,  the  west  part  of  which  presents  winds  directed 
from  the  W.  to  the  E.,  whilst  the  east  part  of  the  same  sone  (Provence)  li 
under  the  sway  of  the  N.W.  winds.  At  Paris,  according  to  the  list  of  me- 
teorological observations  made  by  M.  Bouvaad,  from  1B06  to  1826,  the  rela- 
tions are  m  follows :  north,  0,127 ;  north-east,  0,106 ;  east,  01,64 ;  south-east, 
0,065;  south,  0,173;  south-west,  0,181;  west,  0,190;  north-west,  0,094. 
(Mim,  de  rjnstitut,  t.  viL  p.  332).— M. 
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DIBSCTIOII,  FORCE,  AKD  MXAH  BELATIOK8  OF  THE  WIKB8 

IN  DIFFSSEIVT  C0UNTS1S8. 


RELATION 

RELATION 

or 

or 

coinrrBZES. 

PTBECTIOH. 

FORCE. 

WEST 

TO 

BAST. 

SOUTH 

TO 
NORTH. 

England  . 

S.  66°  W. 

0,198 

1,77 

1,33 

Fruice 

S.  88  W. 

0,133 

1,52 

1,03 

Ciennaiiy. 
DemnarK. 

S.  76  W. 

0,177 

1,69 

1,18 

S.  62  W. 

0,177 

1,54 

1,31 

Sweden    . 

S.  50  W. 

0,200 

1,61 

1,44 

BuBsia 

N.87  W. 

0,167 

1,66 

0,97 

N.America    S.  86  W. 

0,182 

1,86 

1,01 

Thus,  not  only  are  the  west  winds  more  prevalent  than 
the  east,  but  their  mean  direction  also  comes  from  a  region 
Btuate  between  the  south  and  west.  With  regard  to  the 
final  displacement  of  the  air,  all  these  winds  may  be  replaced 
hy  any  wind  which  would  blow  for  175  days  from  this  point 
m  the  horizon,  the  other  825  days  bein^  entirely  calm ;  or 
the^  might  be  replaced  by  a  constant  wmd,  the  velocity  of 
which  would  be  -IJ^  of  the  mean  velocity  of  the  winds  of 
the  locality.  The  interior  of  Russia  is  the  only  country 
where  the  mean  direction  is  a  little  to  the  north  of  west ; 
Irat  yet  the  number  of  observations  is  not  sufficient  to  en- 
able us  to  deduce  anything  conclusiye.  Moreover,  the  mean 
direction  differs  but  a  few  decrees  from  that  observed  in 
France.  We  might  imagine  that  this  anomaly  occurs  from 
tbese  countries  &in^  very  far  from  the  Western  Ocean; 
but  observations  made  at  Tobolsk,  during  ten  consecutive 
years,  give,  for  the  mean  direction  of  the  wind,  S.  67°  W. 
This  result  only  differs  one  degree  from  that  which  we  have 
obtained  for  England.  In  America,  we  find  analogous 
laws;  so  that  we  are  enabled  to  generalise  for  all  the 
jiorthem  hemisphere  the  fact  of  the  predominance  of  west- 
erly winds.* 

*  U.  LAsnauE,  capUin  of  a  brig,  publiched  in  1840  an  important  work, 
.^iitHled  ErpotitioH  du  Sjf$teme  <fer  Venti. 

The  author  regards  the  two  polar  currenta,  and  the  trade-windg  which 
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rilBQUSNCY  OF  NORTH-EABT  WINDS.— Remem- 
bering what  we  have  seen  lespecting  the  origin  of  the  tirade- 
winds,  we  might  expect  to  find  in  our  own  countries  regular 
winds  from  the  ir.£.,  because  their  temperature  is  more 
devated  than  that  of  the  countries  situated  further  to  the 
north.  The  N.E.  winds  are  neutralised  by  the  S.W.  cur- 
rent which  comes  from  the  equator;  but  on  approaching 
the  pole  the  foree  of  this  current  diminishes,  and  a  great 
many  navigatcNrs,  and  among  them  D.  R.  Forster,  speak 
of  haying  again  met  with  the  N.E.  winds  in  the  polar  seas. 

The  S.W.  current  could  not  entirely  neutralise  the  N.E. 
"winds,  for  the  air  Uiat  comes  from  the  equator  to  the  pole 
must  return  to  the  equator,  or  there  would  be  no  atmo- 
sphere  between  the  tropics.  On  examining  the  table  of  the 
relatiye  frequency  of  winds,  we  shall  see  that  the  numbers 
ffo  on  diminishing  from  the  S.W.  to  the  north ;  they  then 
mcrease  again  and  attain  a  second  maxmum  at  the  N.E.; 
the  figures  then  again  diminish  to  the  south.  Thus,  in 
mean  latitudes  the  predominant  winds  are  N.E.  and  S.W. 
One  of  these  winds,  the  S.W.  for  instance,  regularly  blows 
over  the  two  seas,  whilst  in  the  interior  of  the  continents  it 
is  the  N.E.,  as  M.  Dore  has  maintained ;  but  this  is  one  of 
those  questions  which  cannot  be  decided  for  want  of  simul- 
taneous observations.  If  this  supposition  were  verified,  we 
should  know  by  what  route  the  masses  of  air  that  are 
driven  to  the  pole  by  the  S.W.  wind  return  towards  the 
equator. 

VARIABII«mr  OF  THS  ^^INDS  IN  OUR  COUK- 

TRXB8. — ^We  have  just  established  the  two  general  directions 
of  wind  that  exist  in  our  hemisphere.  However,  meteorologi- 
cal registers  present  to  us  the  indication  of  a  great  number 
of  winds  which  blow  from  all  parts  of  the  horizon.  When 
we  com|mre  corresponding  observations  made  in  many  locali- 
ties of  £!urope,  we  are  not  slow  in  recognising  that  these 

remit  flnom  them,  m  the  biM  of  the  syston  of  winds ;  he  nsmes  them  prHHt' 
t(9e  winds.  He  lajri  down  the  TBrUtloiu  of  the  trade-wlndB  according  to 
their  dktanoe  from  the  polar  currents,  the  effscts  which  reeidt  from  their 
Junction,  and  the  formation  of  the  Tariable  windi  of  the  torrid  lone.  Then 
he  passes  on  to  the  history  of  secondary  winds,  and  shews  that  the  Intensity 
of  the  variable  winds  of  we  torrid  sone  depends  on  that  of  the  trade-winds. 
He  then  examinee  the  manner  in  which  the  winds  displace  each  other. 
The  author  attribntes  to  the  rotation  of  the  earth  very  little  influence  orer 
the  lUreetion  of  the  trade-winds;  the  dinmal  motion  of  the  sun,  and  the 
configuration  of  countries,  appear  to  him  to  have  a  much  greater  actioD. 
Finally,  he  gives  some  reiy  curious  details  on  the  circular  currents  of  air 
which  are  met  with  between  Malaga  and  Gibraltar,  and  near  the  channels 
that  separate  the  AntUlaa.  A  more  detailed  analysb  eft  this  work  would 
be  unintelligible  without  haring  befim  na  the  large  hydrogn^e  chart 
wlilob  aeoompanlw  It^-M. 
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winds  involye  no  other  causes  than  differences  of  tempera- 
tore.  Suppose,  for  instance,  that  a  general  SAY.  wind 
occupies  tne  upper  r^ons,  but  that  the  western  part  of 
£arope  is  yeir  hot,  wfule  the  eastern  regions  remain  rexy 
txM  with  a  clouded  aky.  Thk  difference  of  temperature 
win  inimediatelj  give  rise  to  an  east  wind ;  and  wnen  this 
wind  meets  that  from  the  S.W^  there  will  be  a  S.E.  wind, 
which  may  be  transformed  into  a  true  south  wind.  These 
differences  of  temperature  explain  the  existence  of  abnost 
all  winds.  Now,  suppose  that  a  region  is  unusually  heated, 
and  that  there  is  no  prerailing  wii^,  then  the  hot  air  will 
ilow  in  on  aU  sides ;  and,  aeconling  as  the  obsenrer  is  on  the 
north,  the  east,  the  souUi,  or  the  west,  he  will  feel  a  difer- 
cut  wind  blowing  finom  the  corresponding  points  of  tiie 
horizon.  Howeyer,  to  put  this  fiict  beyond  doubt,  we  need 
cdTcsponding  observations  embracing  a  great  numb»  of 
localities. 

M.  Dots,  in  a  simple  and  ingenious  manner,  has  deduced 
the  production  of  other  winds  from  the  reigning  S.W.  and 
KJl.  winds.  Suppose,  for  instance,  that  the  N.£.  and  the 
S.W.  blow  at  some  distance  with  great  regularity,  the  one 
at  a,  the  other  at  b  (pi.  n.  fiff.  2),  they  will  meet  somewhere 
along  the  line  ed,  for  example.  Wmrlwinds  will  necessarily 
be  poroduced  there^  in  the  direction  of  the  arrows  drawn  in 
the  circumference  of  the  circle,  that  touches  the  region  of 
the  two  winds.  I^  from  the  middle  of  the  S.W.  current  a, 
we  direct  our  course  toward  5,  we  shall  find,  at  the  north,  a 
wind  blowing  from  the  S. W.,  from  the  west,  or  from  the 
HT.W.;  at  the  south,  on  the  contrary,  we  shall  find  winds 
Mowing  from  the  N.E.,  the  east,  or  the  SJS.  Let  us  now 
imagine  at  the  east  of  the  NJ£.  current,  b,  a  second  S.W. 
current  at  e,  we  shall  also  find  whirlwinds  turning  in  the 
opposite  direction,  that  is  to  say,  in  the  directions  N.E., 
north,  and  N.W. 

Not  only  does  M.  Dove  explain,  by  this  theory,  the 
origin  of  all  winds,  but  he  concludes  that  th^  must  succeed 
in  a  certain  order.  Indeed,  if  the  limit  which  separates  the 
two  winds  is  displaced  towards  the  west,  the  direction  of  the 
wind  changes  in  the  same  place.  In  mean  latitudes,  where 
the  S.W.  wind  is  not  arrested  by  inequalities  of  soil,  it  blows 
to  the  west  of  an  obserrer  placed  on  the  coast  of  Europe, 
whilst  the  N.E.  wind  rei^  m  the  interior  of  the  continent. 
K  the  latter  extends,  which  is  almost  $iiwKys  the  case,  since 
the  air  must  return  from  the  poles  to  the  equator,  the  limit 
of  the  two  cuixents  is  displaera  towards  the  west;  and  the 
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observer  will  see  the  wind  gradually  tarn  from  the  S.W^ 
the  west,  and  N.W^  to  the  north,  and  finally  to  the  N.E. 
Thus  the  suooession  of  phenomena  is  the  same  as  if  we  had 
travelled  from  f  to  g.  Bat  the  S.W.  wind  is  gradually  re- 
establidied  in  tne  upper  regions  of  the  atmonmere ;  whirl- 
winds are  produced  there;  the  winds  come  trom  the  west 
and  the  S.  W . ;  whilst,  at  the  surface  of  the  earth,  the  vanes 
indicate  the  N.E.  or  rather  the  east  The  S.W.  wind,  as  it 
descends,  in  the  interior  of*  the  continent,  drives  back  the 
N.E. :  the  wind  turns  to  the  south,  and  finally  settles  at  the 
S.W.  We  may  conceive  that,  in  these  transitions,  the  winds 
pass,  in  a  short  time,  through  all  the  points  of  the  horizon, 
and  blow  in  very  different  directions.  It  may  then  happen 
that  the  wind  aoes  not  pass  regularly  from  the  west  to 
the  north,  but  that  it  turns  in  a  contrary  direction ;  for  the 
-whirlwinds  produced  by  the  meeting  of  the  currents  are 
displaced  with  them,  and  can  rarely  ^  completely  observed 
in  the  same  locality.  The  displacement  of  a  whirlwind  ap- 
pears to  us  as  a  transition,  for  example,  of  the  winds  from 
the  east  to  the  west,  if  this  whirlwind^  is  displaced  from  the 
north  to  the  south. 

In  the  regular  succession  of  phenomena,  the  wind  should 
turn  like  the  sun  from  the  east  to  the  south  and  to  the  west. 
M.  Dove  has  collected  a  large  number  of  observations  from 
all  parts  of  Europe,  and  has  found  that,  in  the  northern 
hemisphere,  wind  passes  more  frequently  from  the  east  to 
the  west  by  the  south;  and,  in  the  southern  hemisphere, 
from  the  east  to  the  west  by  the  north. 

This  conflict  between  the  S.W.  and  the  N.E.  winds  is 
the  more  interesting  to  us,  inasmuch  as  it  determines  almost 
all  the  temporary  changes,  and  as  the  predominance  of  one 
or  other  characterises  seasons  and  even  entire  years.  In  the 
seouel,  we  shall  frequently  return  to  this  subject.  Let  it 
suffice  to  have  pointed  out  the  fact,  and  to  draw  attention  to 
the  difference  which  exists  between  these  two  winds,  one  of 
which,  the  S.W.,  is  hot  and  moist,  whilst  the  other  is  cold 
and  dry. 

XNFIiUENCB    OF    8BA80N8    ON    THE    "WINDS. — 

Hitherto  we  have  only  considered  the  mean  direction  of  the 
jwind  in  high  latitudes.  But,  on  reflecting  that  the  continent 
is  hotter  in  summer,  and  colder  in  winter,  than  the  sea  which 
is  contiguous  to  it,  the  sea-winds  ought  to  predominate 
during  the  hot  season,  and  the  land-winds  during  the  cold. 
This  alternation  is,  moreover,  verv  sensible  on  me  eastern 
coast  of  America.    FrankUa  had  long  ago  observed,  that  in 
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smmiier  the  winds  are  in  the  south,  and  in  winter,  in  the 
north.  The  latter  oflen  hlow  with  great  violence  in  the 
Gulf  of  Mexico. 

In  Europe,  we  find  similar  relations.  The  mean  direc- 
tion of  the  wind  in  winter,  in  Fans,  is  S.  48®  W. ;  in  sum- 
mer it  is  N.  88*  W.  This  result  is  confirmed  in  a  great 
number  of  places  in  Europe.  8eho«w,  in  summing  up  all 
these  observations,  has  established  the  following  laws : — 

In  winter^  the  direction  of  the  wind  is  more  southerly 
ttMn  daring  the  rest  of  the  year;  in  January  its  f<n«e  attains 
ttamaxtmum. 

In  iprvttg^  east  winds  are  common ;  at  certain  places  in 
March ;  at  others,  in  April.  They  diminish  the  force  of  the 
west  current,  which,  in  many  countries,  is  at  that  time 
weaker  than  during  the  rest  of  the  year.  The  relation  of 
north  to  south  winds  is  not  oonstan^  and  varies  according 
to  the  localities.  In  some,  the  direction  is  more  northerly^ 
in  others  more  southerly,  than  the  mean  direction  of  the 


In  summer^  especially  in  July,  the  winds  blow  chiefly 
from  the  west ;  their  predominance  over  east  winds  attains 
its  maxmum;  and,  at  the  same  time,  the  north  winds  be- 
come more  common ;  whence  it  follows  that  the  mean  direc- 
tion of  the  wind  in  this  season  is  north  of  the  annual  mean. 

In  ontemfi,  the  predominance  of  west  winds  diminishes ; 
those  of  the  south  more  frequently  blow,  especially  in  Oc- 
tober :  so  that,  in  many  localities,  the  genend  direction  is 
more  southerly  than  in  all  the  other  months. 

ON  THB  MODE  OF  THS  PROPAGATION  OF  VTINDB. 

— ^Does  a  wind  first  blow  in  the  country  whence  it  comes,  or 
in  that  whither  it  goes  ?  Is  an  east  wind,  for  esumple,  first 
felt  in  the  eastern  countries,  or  in  the  western  parts  of 
Europe?  This  is  a  question  that  has  often  been  agitated, 
without  our  having  been  able  to  resolve  it  in  such  a  manner 
as  will  satisfjr  every  individual  case.  I  think  that  nothine 
positive  can  be  said  on  this  point ;  and  I  should  be  induced 
to  believe  that  the  wind  commences  in  a  point  situated  in 
the  middle  of  the  region  which  it  occupies,  and  that  it  is 
thence  propasated  onward  in  each  direction.  The  land  and 
sea-breezes,  the  cause  of  which  is  well  known,  confirm  what 
I  have  advanced.  Hie  sea-breeze  is  first  felt  on  the  coast ; 
then,  afier  some  hours,  in  the  interior  of  the  land  and  in  the 
open  sea.  It  will  follow,  therefore,  that  an  east  wind  will  blow 
first  in  Germany,  and  a  little  later  in  Holland  and  Russia.  ■ 

Since  Franklin's  time  it  has  been  generally  admitted, 
that  winds  are  rather  felt  in  the  countries  towards  which 
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they  blow  than  in  those  whence  they  come.  He  quotes  an 
observation  &Yourable  to  this  theory.  One  day,  a  strong 
N.£.  wind  arose  about  seven  o'clock  in  the  evening  at  Phila- 
delphia, andprevented  an  edme  of  the  moon  from  being 
observed.  This  gale  was  also  felt  at  Boston,  situated  to  ihe 
N.£.  of  Philadelphia)  but  not  until  eleven  o'clock  in  the 
evening.  A  violent  S.W.  wind,  which  ravaged  the  United 
States,  on  the  12th  of  June,  1829,  first  blew  at  Albany,  and 
tiien  at  New  York,  wMch  is  aitnated  more  to  the  south.  How- 
ever, there  are  numeroua  exceptions  to  this  rule.  The  ter- 
rible hurricane  from  the  S.W.,  on  the  29th  November,  1836, 
passed  over  London  at  ten  o'clock  in  the  morning;  at  the 
Hague,  at  one  o'clock ;  at  Amsterdam,  at  half-past  one ;  at 
Embden,  at  four ;  at  Hamburg,  at  six ;  at  Lubeck,  Bleckede, 
and  Salzwedel,  at  seven  o'clcKk;  and  finalhr,  at  Stettin,  at 
half-past  nine  in  the  evemng.  It  was,  thercKire,  transported 
in  the  same  direction  as  that  in  which  it  blew ;  and  it  took 
ten  hours  to  traverse  the  space  which  separates  Londcm 
from  Stettin ;  consequently,  its  velocity  was  36  metres  per 
second,  or  12960  metres  per  hour. 

PHYBICAIi  PBOPBXTZBB  OF  CB&TAIir  "VtriirDS.— 

When  winds  come  from  distant  ooimtries,  they  jtossess  a 
part  of  the  properties  by  which  those  countries  are  charac- 
terised. Thus,  the  west  winds,  that  blow  from  the  sea,  axe 
much  more  moist  than  the  east,  which  traverse  continents. 
The  latter,  particularly  when  they  are  N.K,  are  very  cold, 
especially  in  spring ;  and  they  give  rise  to  a  great  number 
01  rheumatic  affectionB.  The  very  opposite  sensations,  pro- 
duced by  violent  south  or  north  winds,  are  much  more 
marked  m  countries  whose  inhabitants  live  in  the  open  air. 
I  should  not  have  mentioned  these  differences  had  not 
these  winds  been  characterised  by  particular  denominationfl. 

Cold  Wnvns. — ^In  the  south  oi  Europe  the  north  winds 
are  celebrated  for  their  violence  and  their  severity.  The 
opposition  between  the  elevated  temperature  of  the  Medi- 
terranean and  the  Alps  covered  witn  snow  gives  rise  to 
aerial  currents  of  extr^ie  rapicUty.  If  their  ^ect  is  added 
to  that  of  a  general  north  wind,  there  is  produced  a  nortk-eoA 
wind,  having  a  violence  of  which  we  can  form  no  idea.  In 
Istria  and  Dalmatia  this  wind  is  known  under  the  name  of 
bora^  and  its  force  is  such  that  it  sometimes  overturns  horses 
and  ploughs.  It  is  the  same  up  the  valley  of  the  Rhone, 
where  a  very  cold  south  wind  often  prevails,  which  is 
named  migtral,  and  which  is  not  less  formidable  than  the 
jM>rth  wind,  known  in  Spain  under  the  name  aigaU^o. 

Hot  Winds. — ^Large  deserts  and  plains  covered  with  but 
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little  vegetation  engender  yery  hot  winds,  which  have  given 
rifle  to  marvelous  etoriea,  8jm  still  more  extiaordinarv  ex* 
planatiouB.  These  winds  prevail  in  the  vast  deserts  of  Asia 
«nd  Africa,  where  we  only  find  here  and  there  a  few  oases  of 
vegetation,  in  nairow  vai^s,  where  moisture  may  he  pxe- 
Knred  for  some  time.  Komade  tribes  travel  over  these 
deserts.  Along  the  ^reat  rivers,  such  as  the  J^ile,  the  Eu- 
phiato,  and  the  Tigris,  the  earth  is  cultivated,  and  in  those 
localities  may  be  found  commercial  centres  existing  from  the 
Temolest  antiquity,  but  which  have  no  mutual  communing 
tion,  except  by  traversing  the  desert. 

In  all  a^es  the  Arab  of  the  desert,  a  poor  nomade,  has 
detested  the  inhabitant  of  cities,  who  leads  a  comfortable  and 
qniet  life.  Sometimes  also  he  attacks  cities  to  plunder 
tKem  and  lead  the  inhabitants  into  slavery,  in  order  to  scJl 
them  or  to  require  a  high  ransom.  Thus  it  is  that  Joeejik 
WM  sold  as  a  slave,  and  that  the  Jews,  a  nomade  people, 
stole  the  precaons  vessels  of  the  Egyptians,  who,  from  the 
time  of  Moses,  have  not  ceased  to  hate  these  wandering 
tribes.  To  the  inhabitants  of  cities,  the  desert  was  the 
Jkhei^re  of  most  exaggerated  scenes  of  horror.  Every  mar- 
Villous  tale  of  extraordinaiy  adventures  found  in  them 
credulous  or  prejudiced  auditors ;  like  as,  in  our  days,  the 
Turks  fana  tne  most  false  and  ridiculous  ideas  of  Europe. 
The  inhabitants  of  the  desert  did  not  care  to  eradicate  these 
erroTB,  for  they  constituted  their  strength ;  on  the  contrary, 
they  su]^rted  them  every  time  that  they  visited  the  cities. 
The  merchants,  who  had  travo'sed  the  desert,  alone  knew 
the  truth;  but  they  were  in  small  numbers,  made  great 
•profits  in  these  voyages,  and  sought  to  frighten  those  who 
might  be  tempted  to  imitate  them.  Thus  these  opinions 
flprea^more  and  more  among  the  multitude. 

The  Arabian  writers  are  full  of  falsehoods  on  every 
thing  relating  to  the  desert.  European  travellers  have  even 
8ar{»ssed  them.  The  Mahometan  believes  that  he  is  per- 
forming a  meiit<Hious  wcHrk  in  deceiving  the  infidel  and 
dosing  to  him  the  entrance  to  the  desert.  All  those  who 
have  gone  thither  have  profited  well  by  these  ridiculous 
stories,  the  exaggeration  of  which  the  Arabs  themselves  have 
confessed  to  ihem.  ii.  B«rckardt,  of  B^e,  is  the  first  who 
has  furnished  us  with  positive  information  upon  the  phe- 
nomena of  the  desert,  and  especially  on  the  winds  that  pre- 
vail there.  He  has  thus  reduced  to  their  true  value  the 
iantastic  accounts  of  his  predecessors,  Beanduanp,  Braee, 
and  Vle^vhr. 

In  Arabia,  Persia,  and  the  greater  part  of  the  countries 


56  OK  wnn>8. 

of  the  East,  the  bnrning  wind  of  the  desert  is  named 
samoun^  Hnunany  sSmotat,  from  the  Arabic  samma,  which 
signifies  at  once  hot  and  poisonous.  It  is  also  called  samieLt 
from  9ammy  poison.  In  Egypt  it  is  called  chamtin  (fifty)* 
because  it  blows  for  fifty  &ys,  from  the  end  of  April  unm 
June,  at  the  commencement  of  the  inundation  of  the  Kile. 
In  the  western  part  of  Sahara  it  is  known  under  tiie  name 
of  harTnattan,  Tne  name  samoun  is  most  generally  employed ; 
but  translators  have  always  insisted  on  the  meaning,  poison^ 
without  reflecting  that,  like  children,  uncivilised  people  call 
eyeiy  thing  poison  which  is  disagreeable  or  dangerous. 

The  dry  soil  of  these  countries  becomes  prodigiously 
heated,  but  without  the  heat  penetrating  deep,  because  the 
quartz  sand,  which  covers  them,  is  a  bad  conductor  of  heat : 
so  that  the  thermometer  is  sometimes  seen  to  attain  50°  in 
the  shade  of  a  tent.  If  the  wind  rises  it  must  be  burning, 
and  must  transport  sand  and  dust,  which  obscure  the  rays 
of  the  sun.  The  same  occurs,  if  travellers  may  be  believed, 
in  the  deserts  of  Nubia,  on  Uie  coast  of  Guinea,  and  along 
Sen^al.  Durine  a  period  of  calm  the  ascending  current  <S 
heated  air  is  of  itself  sufficient  to  carry  up  the  sand. 
Vottinser  observed  a  phenomenon  of  this  kind  in  the  de- 
sert of  Beloochistan.  The  surface  of  the  soil  there  is 
uniformly  covered  with  a  fine  sand,  coloured  red  with  iron, 
which,  being  tiie  sport  of  the  winds,  forms  undulated  hills 
from  three  to  six  metres  high.  Towards  mid-day  these 
hills  seemed  to  have  disappeared,  the  sand  was  raisea  about 
three  decimetres  above  the  ^neral  level,  and  at  each  step 
we  could  fimcy  we  were  placmg  our  foot  on  a  plane  raised 
three  decimetres  above  the  summit  of  these  hills.  This  phe- 
nomenon was  rarely  evident  in  the  evening  and  morning. 

A  strong  wind  raises  a  much  more  considerable  opantity 
of  sand;  the  troubled  appearance  of  the  horizon  then  an- 
nounces the  arrival  of  the  samoun;  afterwards  the  dcy 
becomes  obscured  and  the  sun  loses  its  brilliancy,  paler  than 
the  moon,  its  light  no  lon^r  projects  a  shadow ;  the  green 
of  the  trees  appears  of  a  dirty  blue,  the  birds  are  restless,  and 
the  affrighted  animals  wander  in  all  directions. 

The  nmid  evaporation  occurring  at  the  surface  of  the 
human  body  dries  the  skin,  inflames  the  throat,  accelerates 
respiration,  and  causes  a  violent  thirst.  The  water  contained 
in  the  skins  evaporates,  and  the  caravan  is  a  prey  to  all  the 
horrors  of  thirst.  It  is  thus  that,  since  the  expedition  of 
OambyacBi  more  than  one  caravan  has  perished  in  this 
desert ;  but  we  must  class  among  Arab  tales  those  histories 
of  pestilential  winds  the  contact  of  which  causes  death,  and 
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whkb,  like  a  cannon-ball,  trayerse  a  troop  and  choose  out 
their  victims.  When  the  Arabs  cover  their  feuce  it  is  that  the 
sand  may  not  penetrate  either  into  the  eyes  or  into  the 
month.  For  the  same  reason  it  is  that  camels  turn  their 
head  fix>m  the  side  opposed  to  the  wind ;  they  never  perform 
this  manceuvre  unless  sand  is  in  the  air.  '*In  June,  1813,** 
aa^  Biurckardt,  ^  in  ^ine  from  Siout  to  Esne,  I  was  sur- 
prised by  the  samofim  m  the  plain  which  separates  Farschi* 
Cfut  from  Berdys.  When  the  wind  arose  I  was  alone,, 
mounted  on  my  dromedary,  and  at  a  distance  from  every 
tree  and  habitation.  I  endeavoured  to  protect  my  face 
by  wrapping  it  in  a  handkerchief.  Meanwhile,  the  drome- 
dury,  into  whose  eyes  the  wind  drove  the  sand,  became 
restless,  commenced  salloping,  and  caused  me  to  lose  the 
stirrups.  I  remainea  lyins  on  the  earth  without  moving 
fhmi  the  spot,  for  I  could  not  see  to  a  distance  of  ten 
metres,  and  I  wrapped  myself  up  in  my  clothes  until  the 
wind  had  abated.  1  then  went  to  searcn  after  my  drome- 
dary, which  I  found  at  a  very  great  distance,  lying  down 
near  a  bush  that  protected  his  h^  against  tibe  sand  raised 
by  the  wind.**  Bnrckardt  never  experienced  any  thing 
particular  at  the  times  when  he  was  exposed  to  the  samoun. 
Malcolm  and  Morier,  who  have  traversed  the  deserts  of 
Persia,  and  Korr  Porter,  who  has  visited  that  which  is  at  the 
east  of  the  Euphrates,  agree  with  him  in  this  point.  In 
the  latter  country  the  imiabitants  daub  their  bodies  with 
wet  mud,  and  those  of  western  Africa  anoint  themselves 
with  fiit,  in  order  to  prevent  the  skin  from  cracking  in  con- 
sequence of  too  rapiaan  evaporation. 

The  deserts  of  Asia  and  Africa  are  the  countries  where 
these  hot  winds  shew  themselves  in  all  their  force.  How- 
ever, in  India,  which  is  covered  with  a  rich  vegetation,  at 
Chili,  in  Louisiana,  and  in  the  great  plains  (llanos)  of  Oro- 
noco,  certain  winds  have  a  very  elevated  temperature.  AH 
the  land-winds,  which  blow  on  the  coasts  of  I^ew  Holland, 
are  hot  and  dry.  When  the  N.W.  wind  prevails  for  any 
time  at  Paramatta,  all  the  plants  wither ;  and  the  ill  success' 
of  the  attempts  at  cultivation,  undertaken  by  the  English  in' 
this  country,  is  due  to  no  other  cause.  Even  in  Europe  we 
have  the  sdana  of  Spain,  and  the  sirocco  of  Italy,  which 
throw  the  majority  of  mdividuals  into  a  condition  or  peculiar 
Lmguor.  These  winds  probably  arise  in  the  plains  of  An- 
dalusia, or  on  the  arid  rocks  of  Sicily ;  they  are  much  more 
violent  on  the  north  than  on  the  south  coast  of  the  island, 
and  it  is  useless  to  seek  after  their  origin  as  far  off  as  the 
deserts  of  Africa. 

3)2 


ON  AQUEOUS  METEORS. 


Daily  experience  proves  to  iu  that  the  h3^nometrie  state 
of  the  atmosphere  is  contrntudly  Tailing,  ihaing  storms, 
water  is  precipitated  from  the  donds  in  torrents,  or  else  it  is 
slowly  deposited  in  the  state  of  dew ;  sometimes  the  air  is  so 
dry  that  wood  is  warped,  and  then  water  evaporates  wxdi 
great  rapidity  in  open  vessels.  We  designate  all  these  phe- 
nomena by  the  collective  name  of  hydrameteorsj  a  word 
derived  from  the  Greek  SUt^,  water,  and  which  signifies 
aqueous  meteors. 

OENSRAXi  BEHARXB  ON  GA8B8  AND  VATOUES. 

— ^Water,  in  passing  into  the  state  of  an  aeriform  body,  oc- 
cupies much  greater  space  than  that  which  it  filled  wnile  it 
remained  in  a  liquid  state.  So  that  water  can  exist  imder 
two  different  forms,  having  nothing  in  common  except 
the  extreme  mobility  of  the  component  molecules,  which  are 
sejNLrated  and  move  eamly  one  over  the  other.  In  solid 
bodies,  on  the  contrary,  a  greater  or  a  less  effort  is  necessary 
to  separate  the  molecules  ai  which  they  are  composed.  The 
particles  of  water  have,  however,  a  tendency  to  approach 
and  form  little  spherical  masses.  In  gases,  properly  so 
called,  this  tendency  does  not  exist,  and  all  the  molecules 
are  mutually  repulsnre ;  hence  results  an  e^qMUurive  force  for 
the  entire  gas.  It  is  also  almost  an  inqrasfflbility  to  approxi- 
mate or  to  separate  the  molecules  ofwater  while  in  the  liqmd 
state;  whilst  a  volume  of  gas,  however  small  it  may  be,  will 
always  entirely  fill  a  vessel  of  any  capacity.  Flaoe  a  bell- 
glass  on  the  plate  of  an  air-pnmp,  and  make  as  ^ifect  s 
vacuum  as  possible ;  there  wiD,  nevertheless,  be  air  in  every 
part  of  the  glass.  The  following  experiment  proves  that 
the  air  is  actually  dilated;  to  wit,  if  we  place  a  tied  and 
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flattenwi  bladder  under  the  receiver,  it  will  swell  out  in 
proportion  as  tlie  yaeumn  is  made,  but  will  return  to  ita 
ibniier  oonditian,  as  aoim  as  the  air  is  allowed  to  re-enter 
the  glaas.  There  is,  indeed,  an  equilibrium  establidied  be- 
tween the  repulsiye  forces  of  the  molecules  of  air  contained 
In  the  bladder,  and  thoae  which  fill  the  receiver. 

We  may  oonvince  ourselves  of  the  truth,  without  tha 
use  of  phiuMophical  apparatus.  Take  a  smaU  quantity  of 
sulphnretof  potaaaum  and  pour  on  it  sulphuric  add,  a  gas 
will  be  liberated  that  smells  powerfully  of  rotten  eggs; 
however  small  may  be  the  volume  of  the  gas,  it  will  notliai 
to  M  a  huge  room.  It  is  the  same  with  a  drop  of  ether, 
when  evaporated ;  and  philosophy  shews  that  this  law  is 
applicable  to  all  gases  without  exception. 

if  the  attraction  of  the  earth  did  not  neutralise  this 
expansive  force  of  the  air,  it  would  escape  into  space,  and 
OfiiT  globe  woiUd  have  no  atmosphere.  Attraction  here  phjs 
the  same  part,  as  do  the  sides  of  the  vessel  in  the  expenment 
that  we  have  related.  Air,  when  subjected  to  this  force  of 
attraction,  becomes  a  heavy  body,  like  all  others  on  the 
surfaee  of  the  slobe.  So  also  a  balloon,  when  void  of  air, 
is  lighter  than  the  same  balloon  when  fall. 

Although  the  particles  of  gases  incessantly  tend  to  sepa- 
rate from  ^ch  other,  we  mav  nevertheless  easily  diminish  the 
volmne  of  a  certain  mass  of  air.  A  bladder  becomes  smaller 
when  compressed.  A  piston  may  be  driven  into  a  hollow 
cylinder  of  the  same  diameter,  although  it  is  hermetically 
sealed ;  but,  as  soon  as  we  cease  pressure  on  the  piston,  the 
air  expands  and  drives  it  back.  Provided  the  aSrifonn 
bodies  do  not  pass  into  the  liquid  state,  the  spaces  occupied 
are  inversely  proportional  to  the  eompressmg  forces ;  that 
is  to  say,  under  a  double,  triple,  quaomple,  &c.  pressure, 
th^  occupy  one-half,  one-third,  or  one-fourth  of  the  primi- 
tire  space. 

PHYSZOAX.  COBK3POSITXON  OFTBS  ATM08PBBBS. 

— Each  of  the  molecules  of  which  it  is  composed,  by  virtue 
of  its  gravity,  exercises  a  pressure  on  the  molecules  situated 
beneaSi  it ;  this  pressure  is  added  to  their  proper  gravity, 
and  contributes,  in  combination  with  the  actum  of  the  ter- 
restrial globe,  to  retain  them  around  it.  In  a  vertical  column 
of  the  air,  strata  of  greater  density  are  found  near  the 
eround ;  this  density  cmninishes  in  proportion  as  we  ascend, 
because  the  portion  of  the  atmosphere,  placed  beneath  the 
observer,  does  not  exercise  any  pressure  on  those  portions 
which  are  placed  at  a  level  with  him.  The  barometer,  by 
which  this  pressure  is  measured,  is  lower  at  the  summit  than 
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at  the  foot  of  a  mountain ;  and  so  intimate  a  relation  exists 
between  the  pressure  and  this  height,  that  the  difference  of 
level  of  those  spots  may  be  deduced  fh>m  the  difference  in 
the  length  of  the  barometric  columns  obsenred  simultaneously 
at  these  two  stations. 

The  more  the  pressure  diminishes,  the  more  does  the 
air  tend  to  dilate ;  so  that,  at  first  sight,  it  would  seem  that 
the  atmosphere  must  extend  to  a  veiy  great  distance.  We 
might  imagine  that  it  is  not  till  the  distance  of  several  my- 
riametres  that  the  density  could  be  sufficiently  reduced  to 
be  entirely  neglected.  Experience  has  not  taught  us  what 
becomes  of  those  particles  of  air,  whose  density  would  be 
infinitely  more  feeole  than  it  is  at  the  surface  of  the  earth. 
If  their  expansion  were  indefinite,  they  would  be  diffused 
into  celestial  space,  and  each  of  the  bodies  moving  there 
would  form  an  atmosphere  by  attracting  them  to  itself. 
Astronomical  observations  do  not  favour  this  hypothesis^ 
and  it  is  probable  that  the  atmosphere  of  the  earth  is  limited. 
The  distance  of  the  limit  is  not  yet  well  known;  we  merely 
know  that,  at  the  height  of  about  seven  myriametres,  the 
rarity  of  the  air  is  such  that  we  may  consider  tins  as  the 
limit  of  the  atmosphere.* 


*  M.  BioT  has  lately  published  some  learned  researches  on  the  physical 
constitation  of  the  atmosphere ;  they  have  led  him  to  a  condition,  which 
assigns  a  higher  limit  to  the  terrestrial  atmosphere.  He  has  borrowed  the 
elements  of  his  calculations  firom  three  series  of  barometric,  tbermometric, 
and  hygrometric  obaenrations,  made  at  successive  stations  by  MM.  6at- 
LussAC,  Humboldt,  and  Boussinoault. 

M.  Gat-Lobsac  ascended  in  a  balloon,  in  Oct.  1803,  to  a  height  of  6977 
metres  above  the  obaervatory  at  Paris.  The  number  of  intermediate  obser- 
vations is  twentv-one. 

In  the  montn  of  June,  1802,  M.  de  HumoLnr  made  observations  at  five 
successive  stations,  as  he  ascended  Crom  the  plains  at  the  foot  of  Chlmborago 
to  the  top  of  the  mountain.  The  first  station  was  2418,  the  last  5879  metres 
above  the  level  of  the  sea. 

Fhially,  in  1827,  M.  Boussinoault  made  three  series  of  meteorological 
observations  in  his  ascents  up  Chimbora^o  and  Antisana,  to  the  heights  of 
6900  and  5400  metres  above  the  level  of  the  Pacific  Ocean.  The  Chimbora^o 
series  comprehends  eight  elevated  stations,  commencing  at  the  height  of 
2700  metres.  Each  Antisana  series  comprehends  nine,  commencing  at  2500 
metres. 

In  order  to  deduce  the  height  of  the  atmosphere  flrom  these  observations^ 
M.  BioT  first  reduces  the  barometric  columns  of  the  different  stations  to 
zero ;  then  he  reduces  them  all  to  the  lo^vest  weight,  by  calculating  the 
correction  which  each  requires  from  the  relative  elevation  of  the  station. 
Dividing  all  these  columns  thus  reduced  by  the  lower  column,  he  obtains 
the  successive  pressures,  in  fractions  of  the  lower  pressure  taken  as  unity. 

M.  BioT  then  deduces  the  densities  corresponding  to  these  pressures, 
firom  the  concomitant  temperatures  of  the  air,  admitting  with  M.  Gat- 
LuBSAc,  that  the  air  diminishes  gj^th  of  its  volume  for  every  centigrade 
degree  of  cold.  He  takes  account  at  the  same  time  of  the  tension  of  the 
aqueous  vapour.  The  densities  thus  obtained  are  compared  with  the  lower 
density  of  their  proper  unity,  in  the  same  way  as  was  done  for  the  pi-e8sui*es. 
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DIFFB&ENOBS  BETWEEN  GASES  AND  VAPOURS. 

— Aeiifonn  bodies  are  naturally  divided  into  two  classes ;  some 
always  remain  in  the  gaseous  or  elastic  state,  and  are  called 
gases  or  aeriform  bodies,^  others,  under  the  influence  of  va- 
rious circumstances,  pass  into  the  liquid  state,  and  are  termed 
vapours.  Among  the  agents  which  determine  this  change, 
temperature  and  pressure  must  occupy  the  first  rank.  Bend 
a  common  barometric  tube,  ABC  rpl.  n.  fig.  3),  so  that  the 
branch  BC  is  parallel  to  the  branch  AD,  and  close  it  at  C ; 
adapt  a  scale  to  the  branch  BC,  which  shall  indicate  the 
number  of  cubic  millimetres  contained  in  C£,  or  an^  portion 
of  the  tube  CB ;  adapt  in  like  manner  a  scale  divided  into 
millimetres  to  the  branch  AD,  dry  the  interior  of  the  tube 
by  placing  it  in  connexion  with  a  vessel  containing  an- 
hydrous sulphuric  acid,  then  pour  mercury  into  the  longer 
branch  so  that  it  shidl  be  in  equilibrium  at  D  and  £.  The 
quantity  of  air  contained  in  CE  is  no  longer  in  communica- 
tiaa  with  the  atmosphere,  but  is  subject  to  a  pressure  that  is 
indicated  by  the  height  of  the  barometer.  If  we  pour  mer- 
cury into  the  long  branch  imtil  the  column  is  at T,  it  will 
only  ascend  as  far  as  G  in  the  short  trough.  Draw  throush 
the  point  6  the  horizontal  line  GH,  and  the  measure  of  the 
pressure  will  be  obtained  by  adding  the  length  GH  to  that 
of  the  barometric  coliunn  observed  during  the  time  of  the 
experiment.    If  FH  is  equal  to  the  length  of  the  barometric 

We  thus  obUin  the  ooexifltent  Talues  of  theae  two  element!,  for  all  the  points 
ei  the  .Msial  column*  where  the  stations  have  been  established.  Takinff, 
then,  the  pressures  as  abecissn,  and  the  densities  as  ordinates,  Bi.  Bior  flndw 
that  the  curre,  which  passes  through  all  the  stations,  is  sensibly  a  straight 
line.  He  hence  concludes  that  the  decrease  of  temperature  goes  on  inces- 
santly aooelerating  to  the  highest  stations  to  which  we  have  been  able  to 
Attain.  Thus,  according  to  M.  Bior,  we  must  not  conclude  that  Anther  on, 
and  in  the  inaccessible  regions  of  the  atmosphere,  this  decrease  begins  to  be 
reduced ;  and,  among  the  hypotheses  that  may  be  adopted,  the  most  fttrour* 
able  to  a  Tery  elevated  atmosphere,  will  then  be  that  of  a  constant  decrease 
beyond  the  height  of  6977  metres,  the  upper  limit  of  the  aerostatic  stations 
of  M.  Gat-Ldbsao.  At  present,  beyond  that  eleyation,  M.  Biot  substitutes 
for  the  real  atmosphere  a  fictitious  atmosphere,  having  at  this  height  the  same 
density,  the  same  degree  of  pressure,  the  same  heat,  and  the  same  local 
decrease  of  temperature  as  the  true  atmosphere ;  but  subject  ftirther  to 
the  arbitrary  condition  that  the  decrease  remains  constant,  and  such  as  M. 
Oat-Lvssac  has  observed  it.  Such  a  condition.  Joined  to  the  laws  of  equi- 
Ubrinm,  completely  defines  it ;  and  from  the  physical  elements  of  the  stratum, 
where  it  commences,  its  total  height  Joined  to  that  of  this  stratum,  is  47346 
metres.  Now,  in  the  real  atmosphere,  the  decrease  of  temperature  being 
further  accelerated  beyond  6977  metres,  he  finds  that  its  limit  is  lower  than 
that  of  the  fictitious  atmosphere,  or  at  47000  metres.  The  equatorial  series 
of  UM.  de  HcxBOLDT  and  Boobsinoault.  give  even  43000  metres  for  this 
upper  limit.  (Vide  Comptet  rendus  de  FAeadhnie  dn  Sciences,  t.  viii.  p.  91 ; 
and  t.  Iz.  p.  174  [1839].— /^drfiYrotw  a  la  (kmnaissance  des  Temps  de  1»41.— 
iShnoirt's  de  VAcadhnie  des  Scfenccs,  t.  xril,'- Astronomic  Pkffsiquct  t.  1. 
p.  165.)— H. 

s  Tufe  Note  r,  Appendix  U. 
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oolnmii,  the  air  contained  in  G€  will  be  sulyjecfc  to  the  jxres- 
sare  of  two  atmospheres;  then  CG  ivill  be  equal  to  the  half 
of  C£,  and  the  air  ¥dll  oocnpy  a  space  one-half  less  than 
that  which  it  occupied  under  the  pressure  of  one  atmosphere. 
By  increasing  the  pressure,  we  shall  succeed  in  establidiing 
Httrtotte's  kw,  already  announced,  p.  59,  that  the  qiaoes 
occupied  by  gases  are  inversely  proportional  to  the  pressures. 

Dry  air  obeys  this  law  under  every  pressure  hitherto 
tried.  If  the  air  is  moist,  it  will  follow  the  law  under  feeble 
pressures ;  but,  under  high  pressures,  the  spaces  will  become 
less  than  they  would  have  been  had  the  air  been  perfectly 
dry  ;  for,  imder  such  drcumstanoes,  a  portion  of  the  vapour 
of  water  condenses  and  passes  into  the  liquid  state,  and  tuops 
of  water  are  even  observed  within  the  tube  C£. 

The  di£Garence  between  gases  and  vapours  mxy  be 
demonstrated  by  another  experiment  Take  three  barome- 
ters which  have  been  well  boiled,  and  which  correspond 
well.  Dengnate  the  three  instraments  by  the  letters 
A,  B,  and  C.  Divide  the  barometric  chambers  of  B  and 
G  into  parts  of  equal  capaoEty.  Send  up  a  bubble  of  dry 
air  into  the  vacuum  of  B.  The  dilatation  of  this  air  wiu 
lower  the  column  of  B,  which  wiU  remain  lower  than  that 
of  A.  The  difference  will  give  the  measure  of  the  elastuaty 
of  the  gas  at  this  temperature.  Send  up  a  drop  of  liquid 
into  die  barometric  chamber  of  C,  it  wUl  be  converted  into 
vapour,  which  will  depress  the  mercury ;  and  the  quantity 
of  this  depression,  compared  with  A,  will  give  the  tension  of 
the  vapour  of  water  at  that  temperature.  Plunge  the  two 
tubes  B  and  C  vertically  into  a  mercury  cup,  their  mer- 
curial columns  will  always  be  shorter  than  that  of  A ;  but 
the  difference  between  A  and  B  will  continue  increasing  in 
proportion  as  the  air  is  more  compressed — a  proof  that  its 
elasticity  increases,  while  the  difference  between  A  and  C 
remains  invariable.  The  vapour,  therefore,  of  water  has 
always  the  same  elasticity  in  a  fiUed  space,  whether  this 
space  be  great  or  small ;  for,  as  soon  as  this  space  is  con- 
tracted, a  part  of  the  vapour  of  water  passes  into  the  liquid 
state.  It  is  only  while  the  space  is  not  saturated  that  the 
vapour  acts  as  a  gas,  until  the  space  is  sufficiently  contracted 
to  be  saturated. 

Temperature  produces  the  same  effects  as  pressure.  Sup- 
pose the  three  barometers  to  be  placed  in  a  situation  m 
which  the  thermometer  stands  at  20^.  Suppose  further, 
that  the  mercurial  column  A  is  758""  long ;  those  of  B  and 
C,  740<"" ;  the  elasticity  both  of  the  air  and  the  vapour  will 
be  equal  to  18°*".    Let  the  mstruments  be  carried  to  a 
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piloe  wlieie  tlie  temveratnre  is  at  rero ;  A  wiU  not  donge 
at  fint,  wbile  B  and  C  will  rise,  becaoie  the  reduction  of 
tempentare  will  ^timinirfi  the  diiadcity  of  &e  air  and  the 
teuHkon  of  tbe  vapour,  so  that  it  will  no  longer  depress  die 
vaBBcmry  to  the  same  amount  Exact  meaaurements  will 
liiew  dut  the  hunwaete  B  will  have  risen  to  741*«,13,  the 
barometer  C  to  7d2'^,32;  the  elasticity  of  the  air  has, 
timefore,  diminished  in  the  ratio  of  18  :  16,87,  whilst  the 
force  of  the  tension  of  the  Tapours  has  been  onlj  6»>,68, 
and  aportion  of  the  yapoor  has  passed  into  the  liquid  state. 
Ifiante  investigations  undertaken  \w  philosophers  shewtluit, 
if  e  represents  the  temperature  ot  toe  space  occupied  bjr 
A-eertom  quantify  of  air  at  zero;  at  the  temperature  t  this 
qpaee  will  beoome  e  x  0,00875  t  We  shall  presently  see 
hem  the  tension  of  vapour  of  water,  at  different  temperatares, 


The  passage  of  tiie  vapour  of  water  into  the  liquid  state, 
4Nr,  in  other  words,  its  prec^sitationt  gives  rise  to  a  muhitode 
«f  j^iencmena  that  are  the  subjects  of  daily  observation.  J£ 
m  summer  a  decanter  of  cold  water  is  brou^  into  a  room 
«oenpied  by  several  persoais,  and  in  which  the  air  is  slightly 
Hftoist,  it  is  instantly  covered  with  dew,  for  the  air  in  con- 
tact witfi  the  decanter  is  cooled  down ;  but  as  it  contains  a 
greater  quantity  of  vapour  than  would  completely  saturate 
It  at  this  tenipentare,  a  portion  of  tins  vigour  passes  into 
tile  state  of  liquid :  however,  this  dew  does  not  nil  to  dis- 
i^pear  as  soon  as  the  sides  of  tiie  vessel  have  become 
wwmed.  In  winter  the  same  phenomenon  is  observed  on 
aquares  of  g^ass.  A  portion  of  the  vapour  of  water  con- 
tained in  the  diamber  is  precimtated  in  the  form  of  dew  on 
tlie  8urfiu;e  of  the  squares,  tnat  have  become  cold  during 
the  night.  If  the  vapour  does  not  find  any  solid  body  on 
urtiA  it  wapf  be  precipitated,  it  remains  suspended  in  the 
air  under  the  fbrm  of  little  vendes,  the  association  of  which 
fimns  a  fog.  This  fb^  is  veiy  well  seen  when  a  vessd  filled 
wHh  water  is  heated  m  the  open  air ;  the  air  beinff  unable 
to  dissolve  all  this  vapour,  it  passesaway  in  a  vencular  state. 

OHSMIOAIi      OOKPOSmON      OF     THB     JLTHO^ 

SPBBRB. — When  we  reflect  upon  the  number  of  gases 
and  vi^oon  of  different  kinds  that  are  disengaged  at  the 
•arfiwe  of  the  globe,  we  might  be  induced  to  believe  ^kat 
we  ahonld  find  them  all  when  we  analyse  atmo^heric  air. 
But  their  qnanti^  is  so  small  in  comparison  witn  the  im- 
mensity or  the  aerial  ocean  that  it  escapes  our  means  of 

•  Aooordlng  to  the  more  recent  reteaichet  of  lOL  RupuaOy  Bbovaul^ 
nd  Maovoi,  the  tnw  Tttae  of  this  ooefildeiit  if  0,00866. 
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investigation.  Otm  portion,  moreoyer,  serves  for  the  nutri- 
tion of  animals  and  plants,  or  combines  with  rocks  and 
metals.  A  very  few  gases,  together  with  the  vapour  of 
water,  are  all  that  are  found  m  the  atmosphere.  Some 
meteorologists  having  exi>lained  rain  and  certain  other  phe- 
nomena by  chemical  reactions,  we  must  here  enumerate  tnese 
component  parts. 

The  analysis  of  air  eveir  where  shews  us  oxygen, 
nitrogen,  vapour  of  water,  ana  also,  almost  alwa3rs,  a  bttle 
carbonic  acid.  We  will  presently  point  out  the  means  by 
whidi  the  quantity  of  vapour  of  water  may  be  estimated. 
Let  it  suffice  to  shew  how  its  presence  ma^  be  rendered 
evident.  Concentrated  sulphuric  add,  chloride  of  calcium^ 
and  other  bodies,  have  the  property  of  absorbing  water  with 
ffreat  avidity.  If  accurately  weighed  quantities  of  these 
different  bodies  are  placed  in  a  watch-glass,  it  will  be  seen, 
after  a  few  hours*  exposure  to  the  open  air,  that  their  weight 
has  notably  increased;  and  chemical  analysis  proves  that 
they  have  absorbed  vrater.  To  determine  the  quantity  of 
water  contained  in  a  cubic  decimetre,  for  example,  of  air, 
we  have  recourse  to  the  following  process :  a  tin  vessel,  of 
the  capacity  of  about  six  litres,  is  pierced  above  and  below 
with  two  orifices,  which  may  be  closed  by  means  of  a  stop- 
cock; this  vessel  is  filled  with  water,  and,  by  means  of  a 
cylinder  of  caoutchouc,  an  horizontal  tube  of  glass,  about 
three  decimetres  long,  and  several  millimetres  in  diameter, 
is  fixed  to  the  upper  orifice.  This  tube  contains  filaments 
of  asbestos,  and  tra^ents  of  sulphate  of  lime,  or  of  pumice- 
stone,  moistened  with  sulphuric  acid,  and  so  placed  as  not 
to  intercept  the  passage  or  the  air.  Before  fixing  this  tube 
to  the  apparatus,  it  is  accurately  weighed.  Both  stop-cocks 
are  then  opened,  and  three  litres  of  water  are  allowed  to 
escape.  These  three  litres  of  water  are  replaced  by  three 
litres  of  air,  which  rush  in  through  the  tube,  abfmdoninff  to 
the  sulphuric  acid  the  vapour  of  water,  with  which  tney 
are  charged.  If  the  tube  is  again  weighed,  its  weight  will 
be  found  to  have  increased,  and  the  increase  of  weight 
is  ejjual  to  the  weight  of  water  contained  in  three  litres 
of  air. 

Whilst  the  quantity  of  the  vapour  of  water  varies  notably, 
according  to  the  condition  of  the  atmosphere,  the  quantities 
of  oxygen  and  nitrogen  remain  constant.  Oxy^,  as  we 
know,  supports  combustion  and  animal  respiration.  This 
ma^  be  proved  by  procuring  oxygen  in  a  state  of  perfect 
purity.  Close  a  tube  at  one  of  its  extremities,  then  bend  it 
with  an  obtuse  angle,  at  four  or  six  centimetres  from  the 
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extremity ;  introduce  within  it  some  red  oxide  of  mercury, 
or  some  chlorate  of  potass.  On  heating  these  bodies,  the 
oxygen  which  they  contain  is  disengaged,  and  may  be  col- 
lected under  a  bell-glass  filled  with  water,  and  inverted  in  a 
pneumatic  trough.  When  the  glass  is  filled,  an  extinguished 
taper  will  be  rekindled  in  it,  and  will  bum  with  greater 
brilliancy  than  in  the  air ;  and  an  iron  wire  twisted  iuto  a 
helix  win  consume  and  throw  out  bright  sparks. 

When  a  body  bums,  oxy^n  combines  with  it,  and,  in 

eonseqnence  of  this  combination,  heat  is  developed,  which 

when  mtense  become  luminous.    A  new  body  is  tne  product 

of  this  combination.     If  it  is  solid  and  combustible,  the 

oxygen  gas  entirely  disappears.    Fill  with  oxygen  a  bell- 

fjaes  inyerted  over  mercurjr,  introduce  into  it  a  piece  of 

phosphorus,  which  can  be  ignited  by  means  of  a  lens,  all 

the  03^gen  will  disappear.    If,  instead  of  phosphorus,  we 

had  introduced  under  the  glass  incandescent  coals,  the  oxygen 

would,  in  like  manner,  have  disappeared,  but  would  nave 

been  replaced  by  a  ^  incapable  of  supporting  respiration 

or  combustion.    This  gas  will  destroy  tne  transparency  of 

lime-water.    These  phenomena  are  easily  explained :  in  the 

former  case,  phosphoric  acid  is  formed,  which  attaches  itself 

to  the  sides  of  the  vessel  in  the  form  of  a  solid  body ;  in 

the  latter,  carbonic  acid  is  produced,  which  remains  in  the 

gaseous  state,  and  does  not  pass  into  the  solid  state  until  it 

combines  with  the  lime  suspended  in  the  liquid. 

In  order  to  measure  the  quantity  of  oxygen  contained  in 
air,  we  have  merely  to  enclose  in  a  graduate  tube  a  deter- 
minate (][uantity  of  air.  It  is  plunjE^  into  a  mercury  bath, 
and  a  piece  of  phosphorus  is  then  introduced  into  the  tube ; 
it  is  heated,  and  the  phosphorus  consumes  and  absorbs  the 
oxygen,  and  the  difference  between  the  space  originally  oc- 
cupied by  the  air  and  the  volume  of  gas  remaining  ^ves 
the  measure  of  the  quantity  of  oxygen  that  it  contamed. 
M.  Bmimer  has  proposed  a  process  analogous  to  that  which 
IS  employed  in  measuring  tne  quantity  of  vapour  of  water 
eontainea  in  the  air.  Fragments  of  phosphorus  are  intro- 
duced into  a  tube,  it  is  weighed,  and  an  accurately  deter- 
mined quantity  of  air  is  then  passed  through  the  tube ;  the 
increase  of  the  weight  of  the  tube  will  be  equal  to  the 
weight  of  the  oxysen  of  the  air.  What  remains  is  nitrogen, 
a  gas  that  cannot  be  fixed,  and  that  serves  neither  for  com- 
bustion nor  for  respiration.  A  little  carbonic  acid  is  also 
found,  as  well  as  traces  of  organic  substances. 

There  also  exist  other  modes  of  analysis,  and  all  hgree 
in  shewing  that  a  volume  of  atmospheric  air  is  every  where 
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oomposed  of  oxygen  and  nitrogen  in  the  following  pn>« 
portions : — 

Oxygen 21 

Nitrogen 79 

100 

Another  interesting  combination  may  take  place  under 
certain  circumstances.  If  a  yessel  of  known  capacity  is 
filled  wi^  atmospheric  air,  and  a  long  series  or  electric 
sparks  are  passed  through  it,  the  volume  of  the  air  will 
diminish,  and  there  will  be  found  in  the  water  small  quan* 
tities  of  nitric  acid,  the  result  of  the  combination  of  the 
nitro^n  with  the  oxygen.  Nature  often  produces  this 
combuation  on  a  large  scale.  M.  xa«bic  has  shewn  that 
the  water  of  storm-showers  always  contains  a  little  nitric 
add,  while  the  water  of  ordinary  rain  does  not  afford  the 
least  trace  of  it.  Thus  the  changes  of  weather,  and  rain 
in  particular,  are  not  a  result  of  chemical  combination ;  for 
the  nitric  add,  which  would  be  predpitated,  would  have  long 
ago  destroyed  all  life  from  off  tne  surfiice  of  the  earth.* 

*  Does  DOt  tbe  compoidltioD  <rf  Um  air  chftoge  in  the  revolutioii  of  ages  ? 
If  it  the  same  at  all  heli^ts?  MM.  Dumas  and  Boussinoactlt  have  lately 
endeavoured  to  aolre  these  two  questloDS*  both  of  which  are  eqaally  im* 
portent  in  meteorology.  Tiielr  procees  of  analjiifl  oeoeists  in  passing  pci^ 
fectly  dry  nUr  thnrngh  a  tube  filled  with  metallic  copper  reduced  by  by  dmgen, 
and  furnished  with  etop-oocks,  by  lud  of  which  a  Taenvm  can  be  maoe.  Th9 
eopper  being  heated  to  redness  the  stop-ooeic  by  which  air  entecs  is  opened, 
air  rushes  into  the  tube  and  tnstantly  gives  up  the  oxygen  to  ttie  metal. 
After  a  few  minutes  the  second  stop-cock  is  opened,  as  is  also  another 
belonging  to  an  empty  globe,  with  wliich  it  oommnnicates  by  means  of  a 
tube ;  the  nitrogen  is  passed  hnto  the  globe.  When  thie  globe  is  fhU  of 
nitrogen,  or  nearly  so,  all  the  stop-cocks  are  closed.  The  globe  and  the 
tube  filled  with  nitroeen  are  then  separately  weiched.  They  are  then 
weighed  again,  alter  having  been  ezhansted.  The  difference  of  these 
weights  gives  the  weight  of  the  nitrogen.  With  regard  to  the  weight  of  the 
oxygen,  ft  is  ftimished  by  the  excess  of  weight  wbdch  the  tnbe  containing 
the  copper  has  acquired  during  the  experiment. 

The  mean  of  six  analyses  proves  that  the  composition  of  the  air  has  not 
changed  since  the  eudiometric  essays  were  made,  thirty-five  years  ago,  bj 
MM.  Gat-Lussac  and  dx  HuMBOuyr.  TIm  dlArenoe  (^0,01  hi  the  volume 
of  oxygen  is  due  to  the  comparative  imperfection  of  the  means  employed  at 
that  time.  MM.  DtTHAS  and  Bocssimqault  have  aleo  determined  again, 
with  the  greatest  care,  the  densities  of  oxygen  and  nitrogen.  In  order  to  be 
able  to  convert  the  weights  of  tliese  gases  into  vofannes.  The  oompoaMon, 
therefore,  of  normal  atmospheric  air,  is  as  follows  :— 

In  Volume.       In  Weight. 
Oxygen      ......    20,8  23,0 

Nitrogen 79,2  17,0 

100,0  100,0 

Some  time  ago.  Dr.  Dalton  had  maintained  that  the  proportion  of 
nitrogen  must  increase  as  we  ascend  In  the  atmosphere ;  but  the  analyses 
made^  America  by  M.  Boussimoault,  at  considerable  heights,  and  theee 
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PBKSfrxATXOM  OF  GASEA. — ^VapoiiTB  and  gases  obey 
»  oommoii  law,  by  which  th^  are  entirely  sepanted  from 
iiqaidfl  properly  so  called.    If  we  poor  into  a  yesBel  water, 
■locarY,  oil,  or  other  liqoidfl,  that  do  not  eombme  chenii« 
caOy,  tiiey  arrange  themselves  aoeoiding  to  their  i^edfic 
gravity:  uie  oil  will  swim  at  the  soifiioe^  the  water  wtSL 
in  the  middle';  and  the  mereoxr  will  occupy  the 
part  of  the  ressel.     But  if  we  place  together,  in  a 
L,  different  eases,  for  example,  hy wigen,  oxygen,  and 
carbonic  add,  the  densities  of  which  are  in  the  order  in 
winch  we  have  named  the  gases,  we  shall  not  see  the  car- 
bonic acid  descending  to  the  bottom  of  the  vessel,  nor  the 
liydroffen  mounting  to  the  top,  and  the  o^gen  placing 
iteelf  between  them.     AccordW  to  a  law  discovered  by 
Let,  and  afterwards  developed  by  Dalton  and  Ora^ 
,  gases  nenetcate  mntoall  v  in  the  most  intimate  manner. 
A  gas  whioi  penetrates  another  conducts  itself  exactly  as  if 
in  vacuo ;  and  the  other  gas  merely  diminishes  its  expan* 

«f  M.  BEVmnsft  at  ibo  miiimit  of  the  Fanlhoni,  did  sot  acoord  with  tfas 
dedoctions  of  MM.  Dalton  and  Babikzt. 

In  ardor  to  obtain  a  definite  solution  to  tlie  queatlon,  >L  DtniAa  irm 
dMiroaa  «f  antnuting  to  me  twelre  hollow  aphares,  eaoh  of  the  capacity  e£ 
daren  Iftrce.  A  tacimm  wee  made  at  Paris  in  eacli  of  tlieee  sfiheres  to 
nearly  fbor  or  five  mHUmetres ;  the  nedc  of  each,  baring  been  dosed  by  a 
atap-eoek,  vae  aavBred  with  a  very  thick  cap  of  caoatehooe.  At  perioda 
wUcb  had  been  piwrioasly  agreed  upon,  I  ooUected  the  air  at  the  aummH  of 
flie  Fanlhom,  2672  metres  above  the  level  of  the  sea,  whilst  M.  Dim Af 
■lialjand  that  of  Paris,  and  M.  BauNHaa  that  of  Benie,  540  metres  above  Uia 
aea.  Before  cdUeettag  the  air,  I  examined,  with  the  assiefsare  af  M.  B»a- 
▼AV,  to  see  that  the  spheres  had  preserved  the  vacuum,  by  connecting  them 
wHJh  a  tabe  plunged  into  a  basin  of  mercury.  The  mercury  rose  under  the 
influence  of  pressure,  and  I  compared  the  length  of  the  otdaron  with  that 
it£  a  good  Imrometer.  These  examinations  proved  tliat  the  spberee  had 
fetained  the  vacuum. 

M.  IHracAi,  having  aaalyeed  the  air  contained  to  these  spheres,  found  that 
tiM  eampeeitkm  ana  sensibly  ttie  same  as  that  ef  the  air  of  Paris  and  of 
Berne,  for  the  differences  are  within  the  inevitable  errors  of  experiment 
iiat  the  detaiis,  vide  Anmaiet  de  CkinUe  et  de  PhyHque,  t.  Ixxviii.  p.  257. 
IS41). 

M.  Habxoiiac  analysed  the  air  of  Geneva,  and  M.  St  as  that  of  BmsseK 
by  employina  M.  Dttxas's  apparatus.  They  found  its  compoaition  identical 
with  that  of  the  air  of  Paris.  But  a  young  Daaiah  ohemiat,  VL  Lbvt,  eol- 
lacted  the  air  during  a  paasage  from  Havre  to  Copenlugen,  as  near  as 
possible  to  the  sur&oe  of  the  sea.  Ttiis  air,  when  compared  with  that  of 
Copeahagen,  and  with  idr  eolkcted  on  the  coast  of  Kronberg  with  the  sea- 
fareoEe,  and  at  twelve  metres  above  the  level,  pneaaated  a  somewhat  iea 
proportian  of  os^ygen,  ss  the  following  numbers  prove ; — 

Mean  of  the  air  at  Copenhagen     ....    2299,8 

on  the  coast 2801,6 

in  the  open  sea    ....    2267,5 

8o  that,  for  want  of  any  proof  to  the  contrary,  we  may  aay  that  the  air 
has  every  where  the  same  composition,  except  at  the  surface  of  the  sea  (vida 
Compta  rendus  de  VlnsHhti^  t.  xlv.  p.  360  and  570.    1842). 

With  regard  to  traces  of  carbonic  acid,  and  sulphuretted  or  carburetted 
hydrogen,  ammonia,  and  nitric  add,  which  have  been  noticed,  these  are 
local  accidents,  that  can  have  no  influence  over  the  general  mass  of  meteor- 
okgleal  phenomena. — M. 
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don.  If  two  spheres  of  the  same  capacity  are  taken,  and, 
after  having  filled  one  with  carbonic  acid  gas,  which  is  very 
heavy,  and  the  other  with  hydrogen,  the  lightest  of  aeriform 
bodies,  and  having  connected  them  by  means  of  a  very  nar* 
row  tube,  placing  the  one  containing  hydrogen  uppermost, 
and  the  other,  containing  carbonic  acid  eas,  lowermost,  these 
gases  will  nevertheless  mix,  so  that  each  globe  will  contain 
an  equal  quantity  of  each.  The  time,  necessary  for  the  pene- 
tration to  take  place,  depends  on  the  density  of  the  gases. 
The  same  law  applies  to  vapours. 

The  two  gases,  oxygen  and  nitrogen,  which  constitute  the 
atmosphere,  are  not  in  a  state  of  chemical  combination ;  but 
they  do  not  separate  so  that  oxyeen  shall  be  below  and 
nitroffen  above.  They  are,  on  the  contrary,  continually 
mixeS  by  the  horizontal  winds  and  the  ascending  currents, 
which  are  so  visible  in  mountainous  countries.  It  hence 
foUowB  that  there  is  no  difference  in  the  composition  of  the 
atmosphere,  when  analysed  at  different  heights.* 

TBN8ZON  OF  THB  VAPOUR  OF  ^TATBR  AT  DIF- 

FERBNT  TEMPERATURES. — We  have  Seen,  that  at 
equal  temperatures  the  tension  of  vapour  is  the  same  in  a 
liurge  or  in  a  small  space,  provided  the  space  is  completely 
saturated.  Analogous  researches  shew  that  this  tension  is 
also  the  same,  whether  the  space  is  deprived  of  air  or  filled 
with  any  gas.  The  only  difference  between  the  two  cases  is, 
that  a  vacuum,  containing  a  sufficient  quantity  of  water,  is 
always  in  a  state  of  saturation.  If,  on  the  contrary,  the 
space  is  filled  with  air,  a  certain  time  elapses  before  the 
vapours  spread  throughout  the  entire  space. 

A  very  simple  process  is  had  recourse  to  for  measuring 
the  tension  of  vapour  at  different  temperatures.  A  drop 
of  water  is  sent  up  into  a  barometric  chamber,  and  we  notice 
how  much  lower  the  column  rests  than  does  that  of  a  good 
barometer  placed  at  the  same  level.  The  difference  gives 
the  corresponding  tension  of  the  vapour  at  the  temperature 
simultaneously  observed.  In  order  that  the  results  may  be 
exact,  tubes  of  about  two  centimetres  in  diameter  must  be 
employed,  so  as  to*  avoid  error  resulting  from  capillarv  de- 
pression of  the  mercury ;  all  the  observations  must  also  be 
reduced  to  the  same  temperature  of  the  mercury  column. 
It  is  the  neglect  of  tiiese  precautions  that  explains  the  want 
of  agreement  between  the  quantities  obtdned  by  different 
philosophers.  I  give  here  two  tables ;  the  first  constructed 
by  myself^  the  second  by  M. 


*  Vide  the  preceding  note. 
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TABLE 

OT  TUB  TEnSIOKB  or  TBS  VAPODK  OF  WATER,  IN  IIIUJKBTKX8 
OC  MBBCCBT,  FOB  XTSXT  TENTH  OP  A.  DEOBI 
26°  AND  36°,  ACCOBVDIQ  TO  KASHTZ. 
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a  MSTBOBB. 
AVaUBT-B  Table — conthaied. 
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The  use  of  these  tables  is  very  simple.  Suppose  we 
^Lesire  the  tension  of  the  vapour  that  saturates  a  space, 
having  a  temperature  of  20^4 ;  we  look  for  20^,  in  the  first 
vertical  column,  and  for  0^,4,  in  the  first  horizontal  line> 
and  take  the  number  that  is  found  where  these  two  columns 
meet.  My  table  gives  17""°,29,  M.  AotbuiVb  gives  18"",65. 
I  cannot  say  whence  this  difference  arises ;  but  it  is  greatly 
to  be  desired  that  these  experiments  be  repeated  with  tubes 
liaving  ver^  large  diameters.  M.  August's  results  agree 
Tery  well  with  those  that  have  been  admitted  by  the  gene- 
rality  of  philosophers ;  we  shall  adopt  them  throughout  this 
wort 

\7BX6HT    OF    THE    VAPOUR    OF    WATER.  —  To 

ascertain  the  weight  of  the  vapour  of  water,  a  quantity  of 
water  of  a  determinate  weight  is  sent  up  into  the  tube  of 
a  barometer.  On  heating  the  tube,  the  tension  of  the 
vapour  increases ;  at  first,  the  depression  of  the  barometric 
column  is  equal  to  that  indicated  to  us  in  the  two  preceding 
tables.  But,  on  continuing  to  heat  it,  a  period  is  attained 
at  which  the  tension  increases  very  slowly,  and  according  to 
tiie  law  of  a  gas.  The  temperature  at  which  the  sudden 
diminution  in  the  rapidity  of  the  increase  of  the  elasticity 
takes  place  is  the  point  of  saturation.  If  we  know  the 
capacity  of  the  space  filled  by  the  vapour,  we  mav  deduce, 
from  the  known  weight  of  the  water  mtroduced,  the  weight 
of  the  vapour  contuned  in  a  nven  space.  Trials  of  this 
kind,  from  the  experiments  of  M.  Angnat,  give  the  follow- 
ing as  the  weights  of  water  saturating  a  space  of  a  cubic 
metre  at  the  temperature  indicated  in  the  table.* 

*  af.  PoinixiT,  in  his  EtAnenit  de  Phifsiauef  t.  U.  p.  564,  has  dven  a  table, 
whieh  preBeittai  at  one  view  the  tendon  of  the  vapour  of  water,  from  — 20*^  to 
40*,  and  the  eorreq^nding  weight  hi  grammef  of  the  rapoor  contahied  in  a 
coble  metre  of  ait.  The  bispection  of  thie  table  shews,  that  from  0^  to  25**, 
tbe  elastic  iioroe  expressed  in  niUimetres,  is  sendbly  equal  to  the  weight  of 
the  coiTesponding  quantity  ejqpressed  in  grammes.  The  differences  are  in 
the  raluA  of  the  nnt  decimal.  Thus,  at  the  temperature  of  6^,  the  tension 
of  the  anieosip  Yupanr  is  7'"»4,  the  weight  of  the  yapour  contained  in  a  cubic 
jOMtre  of  air  Is  7sr,7;  at  the  temperature  of  16**,  the  tension  is  13>»,6,  the 
wel^t  criTthe  corresponding  ti^mut  is  I3r,7 ;  at  21%  the  tension  is  I8<"">,3» 
the  oorresponding  weight,  18p,1.— -M. 
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TABLE 


OF  THE  WSIGHTS  OF  VAPOUR  OF  WATBK  WHICH  A  CUBIC 
MJBTKE  OF  AIB  ULAT  CONTASC  AT  DIFFESENT  TSMPEBA- 
TUBSS. 
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—12 

2,48 

19 

17,75 

—11 

2,63 

20 

18,77 

—10 

2,87 

21 

19,82 

—  9 

3,08 

22 

20,91 

—  8 

8,30 

23 

22,09 

-  7 

3,53 

24 

23,36 

—  6 

3,80 

25 

24,61 

—  5 

4,08 

26 

25,96 

—  4 

4,37 

27 

27,34 

—  3 

4,70 

28 

28,81 

—  2 

5,01 

29 

30,35 

—  I 

5,32 

30 

31,93 

0 

5,66 

31 

33,65 

1 

6,00 

32 

35,45 

2 

6,42 

33 

87,20 

3 

6,84 

34 

39,12 

4 

7,32 

35 

41,13 

5 

7,77 

36 

43,17 

If  we  know  the  temperature  at  which  a  given  space  is 
saturated,  we  may  deduce  from  it  the  weight  or  the  tension 
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of  the  Tapour  contained  in  a  cubic  metre  of  air.  Thus, 
the  weight  of  the  quantity  of  yapour  contained  in  a  cubia 
metre,  at  the  temperature  of  10°,  'will  be  10c,57 ;  the  tension 
of  the  vapour  of  water,  9'"",90.  Each  of  these  numbers  is 
also  expressive  of  the  quantity  of  vapour  of  water.  In 
Meteorology  it  is  better  to  give  the  tension.  Thus,  if  in 
the  vicinity  of  the  ground  we  find  that  the  air  is  saturated 
mt  a  tem]>erature  of  10°,  and  if  vapour  ezjAnds  accord- 
ing to  the  laws  of  the  dilatation  of  elastic  fluids  up  to  the 
limits  of  the  atmosphere,  the  weight  of  this  vapour  will 
Ixdance  a  column  of  mercury  O^'ySO  in  length.  It  is  lawful 
lor  us,  therefore,  to  consider  the  corresponding  tension  of 
vapour  at  each  temperature  as  equal  to  the  weight  of  the 
entire  mass  of  the  vapour  of  water  diffused  throughout  the 
atmosphere. 

IiATBNT  HBAT  OF  THB  VAPOUR  OF  WATER. — 

The  enormous  dilatation  of  the  vapour  of  water,  under  the? 
influence  of  heat,  shews  us  the  important  part  which  this 
agent  plays  in  its  production ;  of  this  we  snidl  be  further 
convinced  if  we  study  the  phenomena  of  evaporation.  Pour 
into  an  open  metal  vessel  some  water  at  tne  atmospheric 
temperature,  and  heat  it  by  means  of  a  lamp  placed  beneath' 
the  vessel.  A  thermometer  placed  in  the  water  will  indi- 
cate the  time  of  its  attaining  the  point  of  ebullition ;  it  wilL 
then  remain  stationary,  ana  it  will  be  in  vain  to  increase  the 
fire,  the  thermometer  will  not  rise  above  100^.  If  the  ves- 
sel is  closed,  the  temperature  of  the  water  will  pass  the 
point  of  ebullition ;  but,  if  the  vessel  is  then  opened,  the 
vapour  will  escape  violently,  and  the  thermometer  wUl 
again  descend  to  100°. 

Biaeky  a  Scotch  philosopher,  was  the  first  to  study  the  re- 
lations existing  between  the  formation  of  the  vapour  of  water 
and  the  boiling  point.  In  the  preceding  expenment,  as  soon 
as  the  water  has  attained  the  boiling  point,  all  the  heat  that 
penetrates  the  vessel  does  nothing  more  than  accelerate  the 
evaporation ;  and  these  vapours  take  in  the  excess  of  tem- 
perature without  Uieir  own  temperature  surpassing  that  of 
Doiling  water.  This  is  proved  by  the  fall  of  the  thermo' 
meter,  that  takes  place  as  soon  as  a  closed  vessel  is  opened, 
in  which  the  temperature  of  the  water  had  been  raised 
above  100°.  Black  applied  the  term  latent  heat,  or  lateTit 
calorie^  to  this  heat,  which  is  taken  in  by  vapours,  but 
which  has  no  influence  on  the  thermometer.  The  existence 
of  this  latent  heat  is  one  of  the  essentials  in  the  formation  o£ 
vapours. 
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If  this  theory  be  true,  the  latent  beat  of  vapoar  ongbt 
to  become  sensible  at  the  moment  when  the  vapoar  returns 
to  the  liquid  state.  And  this  actually  takes  place :  some 
very  simple  experiments  prove  it  most  undeniably.  If  ve 
mix  in  a  vessel  500  grammes  of  water  at  zero  with  500  at 
100°,  we  shall  have  a  kilogramme  of  water  at  50^.  What- 
-ever  be  the  relation  of  toe  quantities  of  water  mixed,  the 
distribution  of  heat  will  be  made  in  the  same  ratio.  If  we 
take  10  kilogrammes  of  water  at  zero,  and  add  1  kilogramme 
of  water  at  100^,  the  temperature  of  the  mixture  will  be 

10x0+1x100  _  oo , 

n ^'^- 

Let  us  now  pour  1  kilogramme  of  water  at  100°,  in  a  dose 
vessel,  and  connect  it  l^  a  tube  with  a  vessel  containing 
10  kilogrammes  of  water  at  zero ;  if  we  heat  the  former 
vessel,  its  temperature  will  constantly  remain  at  100° ;  the 
vapour,  in  traversing  the  cold  water,  passes  into  the  liquid 
state,  and,  when  the  kilogramme  of  water  is  entirely  eva- 
porated, there  will  be  in  the  second  vessel  1 1  kilogrammes 
of  water,  not  at  9°,  as  in  the  preceding  case,  but  at  58". 
This  difference  arises  from  the  latent  heat  which  the  vapour 
has  given  up  to  the  cM  water.  Experiments  of  tiiis  Kind 
have  shewn  that  boiling  water  has  a  latent  heat  of  about 
635°,  which  brings  the  total  heat  to  635°  from  zero.  So 
that  the  Quantity  of  heat  requisite  to  transform  a  kilo- 
gramme of  boiling  water  into  vapour  is  equal  to  that  which 
would  elevate  i&  temperature  oS  the  water  to  635°,  if  it 
did  not  pass  into  the  state  of  vapour. 

Experiment  proves  that  water  evaporates  at  all  tempera- 
tures ;  for  if,  in  any  season,  we  expose  to  the  air  an  open 
vessel  filled  with  water,  the  water  will  disappear  by  evapo- 
ration. Even  ice  sends  off  vapours.  A  {Meoe  of  ice  ^beed 
in  a  balance  pan,  at  a  low  temperature,  is  found  to  lose 
weight.  The  vapour  formed  under  these  cireumstanoes, 
lowers  the  temperature  of  water,  as  much  as  if  it  were  in  a 
state  of  ebullition.  We  may  convinee  ourselves  of  this  by 
means  of  liquids  which  have  the  property  of  IxHling  at  very 
low  temperatures,  and  which  vaporise  faster  than  water. 
If  the  bulb  of  a  thermometer  is  wrapped  in  cotton  moist- 
ened with  sulphuric  ether,  this  liquid,  by  evaporating,  will 
take  from  the  bulb  that  amount  of  heat  whicn  is  requisite 
to  it  in  its  passage  into  a  state  of  vapour ;  and,  in  the  very 
height  of  siunmer  the  instrument  may  be  seen  to  descend  to 
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sero,  or  even  lower.  Choose  two  thermometen,  as  much 
alike  as  possible,  envelope  the  bulb  of  one  of  them  in  very 
fine  musliii  moistened  with  water,  and  suspend  them  both 
in  the  open  air  in  very  dry  weather ;  you  will  see  that  the 
iiKHst  tbermoineter  remains  several  dq^ees  lower  than  the 
dry  one.* 

A  multitiide  of  observations  oonfirm  what  we  have  said. 
Latent  heatplays  a  verjr  important  part  in  the  animal 
economy.     Vvnen  the  skin  is  covered  with  perspiration, 
and  the  latter  evaporates,  we  experience  a  very  marked  sen- 
sation of  cold.    Tnis  ev^)oration  being  much  less  active  in 
moist  than  in  dry  weather,  the  sensation  oi  cold  is  much 
itnmger  in  the  latter  case.    Hence  it  is  that  in  summer- 
time we  find  the  heat  insupportable  when  the  air  is  moist, 
although  the  thermometer  is  not  very  high ;  but,  if  tlM 
innd  removes  sueoessively  the  atmospoere  saturated  with 
Tapoor,  witb  which  our  body  is  sumKuaded,  then  Uie  eva- 
pmtion  takes  place  with  greater  activity.    On  this  account 
It  is  that,  at  equal  temperatures,  and  at  the  same  d^ee  of 
iDoistuie,  we  experience  a  much  more  marked  sensation  of 
eold,  if  there  is  a  wind,  than  if  the  air  is  perfectly  calm. 

BYOSOMBTBRS.  —  Our  sensations  teU  us  that  the 
quantity  of  water  contained  in  the  air  is  not  always  the 
tame;  to  determine  this  accurately,  we  have  recourse  to 
hygrometers.  The  most  rigorous  process  is  that  of  Brvca^ 
asr,  whicb  we  have  already  mentioned;  but  it  is  imjNrac-^ 
ticable  in  a  regular  series  of  meteorok)gical  obaeryations,  for 
crery  experiment  occupies  about  an  hour. 

Daltoa's  process,  perfected  by  Daaially  and  then  by 
Koamar,  is  lounded  on  the  following  principle.  If  we 
suppose  that  a  mass  of  air  is  gradually  cooled,  it  will,  at 
lart,  descend  to  a  degree  of  temperatore  at  which  it  will  be 
tttorated  by  the  quantity  of  vapour  contained  in  it  Th]» 
temperature,  called  the  dew'pointj  bein^  once  known,  all 
that  will  be  tiien  necessary  is,  to  seek  m  a  taUe  for  the 
quantity  of  vapour  which  corresponds  to  it.  Suj^Kwe  that 
tnis  temperature  is  25°;  if  the  dew-point  is  10°,4,  the  table 
(p.  72)  will  give  10^'",14  of  tension  fiur  this  temperature  of 
ue  dew-point ;  which  is  eauivalent  to  saying,  that  the  pres- 
sure of  tne  atmosphere  oi  vapour  keeps  in  equilibrium  a 
column  of  mercury  10""',14  in  neight.  In  order  to  find  the 
dew-jpoint,  we  take  the  thermon^r  whose  bulb  is  free ; 
we  mrst  surround  it  with  muslin,  and  then  apply  to  the 
V>wer  half  of  the  bulb  a  thin  cap  of  gilt  silver,  wnich  ex- 
actly fits  it ;  this  being  done,  sulphuric  ether  is  allowed  to 

«  ride  Nota  c.  Appendix  No.  U. 
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fall  drop  by  drop  on  the  muslin ;  the  ether  evaporates,  and 
takes  away  heat  &om  the  btdb,  which  soon  attains  the  tem- 
perature of  the  dew-point.  At  this  moment,  the  vapour 
contained  in  the  air  condenses  on  the  gilt  cap.  The  tem- 
perature must  then  be  accurately  observed  at  the  moment 
when  the  gold  is  dimmed.  In  order  that  the  result  may  be 
rigorous,  we  must  manage  that  the  reduction  of  tempera- 
ture takes  place  as  slowly  as  possible,  when  close  upon  the 
dew-point,  so  that  the  apparatus  may  have  the  same  tem- 
perature in  all  its  parts.  Hence,  in  moist  weather,  very 
uttle  sulphuric  ether  is  poured  on  at  one  time ;  if,  notwith- 
standing this  precaution,  the  thermometer  Mia  rapidly,  the 
experiment  must  be  recommenced.  When  the  instrument 
has  again  become  wann,  a  few  more  drops  are  allowed  to 
fall,  until  the  thermometer  has  almost  descended  to  the 
dew-point ;  then  just  enough  more  is  added  to  make  it  de- 
•scend  very  little  l)elow  this  point  With  a  little  experience 
we  soon  get  to  supply  the  quantity  of  ether  necessary  to 
obtain  a  result. 

I  shall  not  stop  to  describe  the  apparatus  contrived  by 
DanielL  For  daily  observations  it  offers  great  inconvenien- 
eies.  If  the  air  is  veiy  dry,  the  dew-iK>int  is  not  obtained 
without  the  greatest  oifficulty;  if  it  is  moist,  it  becomes 
very  difficult  to  say  at  what  d^^  of  the  thermometer  the 
sola  is  dimmed.  Li  the  light  it  is  impossible  to  observe  this 
mstrument,  and  its  only  rw  use  is  to  compare  other  hygro- 
meters with  each  other.' 

The  dew-point  merdv  indicates  to  us  the  quantity  of 
vapours  of  water  which  tlie  air  contains  at  the  moment  of 
*  observation,  but  this  element  is  not  sufficient  to  characterise 
the  hygrometric  condition  of  the  air.  In  winter,  when  it  is 
eold,  the  air  is  often  very  moist,  whilst  it  would  be  very  dry 
in  summer  if  it  contained  the  same  quantity  of  the  vapour  of 
water.  Hie  greater  the  difference  between  the  temperature 
'Of  the  dew-point  and  that  of  the  air,  the  drier  the  air  is, 
foT  it  then  may  dissolve  in  still  greater  quantity  of  the 
vapour  of  water,  without  there  being  anv  probabihtv  of  the 
l^tter*s  being  precipitated  in  the  form  or  rain.  If  the  dew- 
prant  informed  us  of  <%«  absobUeqvaniity  of  ike  vapour  of 
w<Uer  contained  in  the  air,  the  difference  between  tne  dew- 
point  and  the  temperature  of  the  air  will  indicate  to  us  i!^ 
reUHoe  quantity  of  the  vapour  ofwaUr^  or  the  humUtity  of  the 
air.  In  order  readily  to  determine  the  element,  let  us  notice 
die  quantity  of  vapour  which  the  air  would  contain  at  the 

■  rUe  N«fte  d;  Appendix  No.  U. 
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moment  of  the  obflervation,  if  it  were  saturated,  and  divide 
the  quantity  which  it  really  contains  by  this  number.  The 
quotient,  mnltipUed  by  100,  wiU  tell  us  how  much  per  cent 
of  the  first  quantity  is  contained  in  the  air.  Suppose  a  tem- 
perature of  28^4 ;  the  dew-point  at  12^,1 ;  the  tension  of  the 
absolute  quantity  of  vapour  will  be  11°*%24 ;  if  the  air  were 
saturated  at  28°4,  the  tension  would  be  29'''",63 ;  the  quotient, 

lln>%24xj[00_ 
29"»«»,63       —  ^^^^• 

So  that  the  air  contains,  at  the  moment  of  the  observation, 
about  38  per  cent  of  the  quantity  of  vapour  of  water,  which 
it  would  contain,  if  it  were  in  a  state  of  saturation. 

Hntton's  method  is  still  more  simple.  Modified  at  first 
Iry  ifesiie,  it  has  lately  been  brought  back  to  its  primitive 
fampUcity  by  M.  Auctuit^  of  Berlin.  Two  thermometers,  as 
flimilar  as  possible,  and  so  divided  that  a  tenth  of  a  d^ree 
may  be  accurately  estimated,  are  placed  beside  each  o&er. 
The  bulb  of  one  is  covered  with  muslin,  kept  constantly 
moist  by  means  of  a  thread  dippii^  into  a  capsule  full  of 
irater.  In  consequence  of  evaporation,  the  temperature  of 
the  moistened  thermometer  is  lower  as  the  air  is  drier,  and 
the  barometer  lower.  We  may,  therefore,  by  means  of  the 
cold  arising  firom  the  evaporation,  know  tne  quantity  of 
▼apour  contained  in  the  air ;  and  the  instrument  has  received 
£rom  its  inventor  the  name  of  psychrometer  (^v^c^*  cold). 
The  true  indications  of  the  thermometer  are  observed,  as 
also  the  corresponding  barometric  heieht.  Let  t  be  the  tem- 
perature of  the  dry  thermometer ;  r  that  of  the  moist  one, 
each  having  the  centesimal  division;  b  the  height  of  the 
barometer  m  millimetres ;  also  let  «  be  the  tension  of  the 
vapour  at  the  temperature  ^  and  i  its  tension  at  the  tem- 
perature f.  For  the  tension  E  of  the  vapour  contained  in 
the  air,  we  shall  have 

E = fi'  —0,000804  (t-f)  b. 

1£  the  temperature  of  the  thermometer  fiills  below  zero, 
and  its  bulb  is  covered  with  a  light  film  of  ice,  the  following 
formula  must  be  employed : — 

E=e'— 0,000748  (f-0  h. 

Let  the  dry  thermometer  be  at  21%  and  the  moist  one  at 
12**,5 ;  let  6=752'»»,32 ;  W  will  be  equal  to  8«,5,  and 

0,000804  0-0  ft=:0,000804  X  8,5  X  752"»»  82=5—,14. 
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Moreover,  c'=:n"»»^2;  wherefore  E=ll,52— 5,14=:6"",38^ 
which  is  the  absolute  quantity  of  vapour  of  water.  At 
ai%e  =  19,33;  and 

6,36  X  100 _,, 
19,33     -^^- 

which  is  the  relative  ouantity  of  vapour.* 

By  this  method,  from  the  indications  of  two  thermo-* 
meters,  and  the  state  of  the  barometer,  the  hy^rometric 
conditions  of  the  atmosphere  may  be  deduced ;  but,  if  a 
considerable  number  of  observations  are  in  hand,  these 
calculations  become  very  long.  It  would  then  be  very  well, 
from  the  mean  height  of  the  barometer  at  the  place  of  ob- 
servation, to  calculate  a  table,  giving  the  absolute  and  rela- 
tive quantities  of  vapour  for  ^ch  psychrometric  difference^ 
and  for  all  temperatures  in  tenths  of  degrees.  I  cannot 
recommend  this  method  too  strongly ;  but,  if  we  confine 
ourselves  to  talce  the  mean  psychrometric  difference  for  each 
month  merely,  we  should  expose  ourselves  to  very  serious 
errors.'!* 

The  early  meteorologists  employed  in  their  researches 
ori^nic  bodies  as  their  hyerometers.  When  exposed  to 
moist  air,  these  substances  albsorb  the  vapour  of  water,  and 
are  enlarged  or  shortened.    The  instrument  of  this  kind 


•  For  th«  OM  aad  eonfltraetion  of  tho  pmkrooMUr,  9Me  E.  F.  Anowr, 
Ueber  die  Antoendung  da  Pguchrometers  xur  Hygrometriet  Berlin,  1828 ;  and 
Vehtr  die  Fortsckritte  der  Ifygrmnetrie  in  der  nenetten  Zeit,  Berlin,  1830; 
PouiUBT,  EUment»  de  Pkyti^tie,  t.  ii.  p.  ftTO,  end  pi.  81,  fig.  38S. 

t  The  appUcfttiiaii  of  the  inroceM  requires  Uie  employment  of  two  identi- 
cal thermometers ;  and,  howerer  perfectly  en  ordinary  thermometer  may 
be  ooBstmcted,  we  know  how  difficult  it  Is  toobtaln  two  instmments  strictly 
oomparable. 

This  difficulty  might  be  remedied  by  employing  a  single  thermometer, 
with  a  very  long  range,  so  as  to  gire  indications  a*  all  the  temperatures  to 
be  observed. 

The  instrument  most  eminently  adapted  to  obserrations  of  this  kind  is 
one  of  the  metastatic  spirit  thermometers,  contriTed  by  ML.  WALfEaniN,  the 
construction  of  which  is  such,  that  it  is  regulated  at  pleasure  to  all  tempera- 
tures, and  that,  within  the  limit  of  observation  necessary  to  p^chrometric 
determination,  it  can  indicate  the  hundredth  part,  and  even  lees,  of  a  cen- 
leslmsl  degree ;  and  yet  its  reservoir  does  not  exceed  in  Tolume  that  of  the 
ttnallest  thermometer  employed  in  Meteorology. 

In  using  the  instrument,  attention  must  be  paid  to  keeping  the  globule 
of  mercury  contained  in  the  tube,  and  which  serves  as  an  mdez,  at  a  tem- 
perature slightly  above  the  surrounding  temperature  which  is  then  being 
determined ;  the  instrument  must  then  be  swung  round,  after  its  bulb  has 
been  surrounded  with  moist  muslin  to  cause  evaporation ;  the  new  indication 
must  be  noted ;  and  the  two  observations  thus  obtained  must  be  compared, 
as  is  evident,  vrith  tiie  same  Instrument. 

In  this  ease  the  netaetatlc  tfaennometcr  beeomes  a  meet  rimple  and  ac- 
curate psychrometric  instrument.  For  the  description  and  figure  of  thie 
instrument,  vide  Compte  rendu  de  rAoadhnie  da  Scienca  de  Paris,  t.  xiv.  p.  63 ; 
and  Let  Annata  de  Phytfqne  ci  de  Odmie  de  Pooqbiiik>upf,  t.  hii.  p.  649.— M. 


SnrBJIAL  YAMSATiaSS. 


81 


which  IS  best  known  is  De  Bummme^u  hair  hygrometer. 
A  hair  is  boiled  in  a  weak  solution  of  soda,  in  order  to 
remove  the  urease ;  one  end  of  it  is  then  fixed  in  a  frame^ 
while  the  other  is  rolled  ui>on  a  cylinder,  which  carries  a 
needle.  When  plaeed  in  air  saturated  with  moisture,  the 
hair  elongates,  vrnereas  it  shortens  when  plaeed  in  diy  air. 
]>e  Bmnmmware  places  the  number  100  at  the  point  where  the 
needle  rests,  when  the  air  is  completely  saturated,  and  0 
at  that  where  it  remains  fixed,  when  the  air  is  entirely  dry. 
The  intenral  between  these  two  points  is  divided  into  100 
equal  parts. 

This  instrament  indicates  the  relative  humidity.  When 
it  is  placed  in  air  containing  known  quantities  of  vapour^ 
obserration  shews  that  the  degrees  are  not  proportional  to 
the  ^naatities.  When  the  instrument  pomts  to  eighty, 
the  air  often  contains  not  ekrhty,  but  merely  sixty  or  seventy 
per  cent  of  the  quantity  m  vapour,  which  woiud  be  neces- 
sary to  saturate  it.  On  tnis  point  we  possess  the  researches  of 
himself,  carefully  recalculated  by  M.  Anffust. 


BEIaATTVE  HTBirDrrT  COBBESPOin>ING  TO  THE  DEGBEES  OF 

De  Sanssure's  htgbometeb. 


HTGBOMBTEB. 

GAT-LUSSAC. 

PBINSBP. 

MELLONI. 

AUGUST. 

]00 

100,0 

100,0 

100,0 

100,0 

95 

89,1 

88,7 

90,8 

94,0 

90 

79,1 

78,2 

83,1 

86,0 

85 

69,6 

68,3 

76,5 

79,0 

80 

61,2 

59,2 

68,9 

71,0 

75 

53,8 

50,6 

62,0 

64,0 

70 

47,2 

43,6 

55,6 

56,0 

65 

41,4 

37,2 

49,6 

48,0 

60 

36,3 

31,5 

44,0 

41,0 

56 

31,8 

26,3 

39,1 

36,0 

50 

27,8 

21,8 

34,6 

31,0 

45 

24,1 

17,7 

29,8 

27,0 

40 

20,8 

14,3 

27,0 

23,0 

35 

17,7 

11,4 

23,8 

19,0 

30 

14,8 

9,1 

19,0 

16,0 

25 

12,0 

7,1 

16,4 

13,0 

20 

9,4 

4,9 

11,7 

10,0 

15 

7,0 

3,0 

8,3 

7,0 

10 

4,6 

1,6 

5,0 

4,0 

5 

2,2 

0,6 

2,6 

2,0 

0 

0 

0 

0 

'    1 

b2 


82  ON  AQUEOUS  MXTEOB8. 

DIURNAXi  VARIATIONS  IN  THE  QUANTITY  OF 

VAPOUR  OF  WATBR.  —  The  theory  of  aqueous  va- 
;K)ur,  and  that  of  hyflprometers,  is  a  conquest  of  modem 
times.  It  is  therefore  desirable  that  observers  should  direct 
their  attention  to  this  subject.  I  know  of  only  three  series  in 
which  the  number  of  daily  observations  is  sufficiently  great 
to  be  of  any  utility.  One  of  them  was  made  by  Nenber, 
«t  Apenrade,  in  IXenmark,  during  a  year.  He  made  obser- 
vations with  DaaleU'B  hy^meter  every  two  hours,  from 
seven  o'clock  in  the  mormng  until  eleven  at  n%ht.  M. 
Kopfer  observed  the  psychrometer  at  Petersburg,  during 
a  year,  from  eight  o'clock  in  the  morning  until  ten  in  the 
evening.  Finally,  I  have  myself  done  the  same  thing 
■almost  every  hour  at  Halle,  since  1831 ;  I  have  also  always 
noted  it  in  my  observations  near  the  sea,  and  on  the  Alps. 
My  results  embrace  the  longest  period:  I  have  collected 
them  in  the  following  table  :-*— 


HOCKLT  HTaBOMETXIC  TAXIATIOX. 


_  W  lO  lO  us  us  iq_  us  "O  lO  tc 


ftfocfrf'tftftfd'cJ'oo^ooo'od 


ir  AtlUXOUB  HETEOBS. 


SI 


|i 


i 

! 

i 

80,9 
79,7 
79,6 
80,2 
91,9 
93,4 
9V 
83,4 
86,1 
96,7 
97,0 
87,3 
97,6 
97,9 
99,2 
99,5 
99,8 
99,1 
89,4 

98,1 
87,9 
94,5 
82,4 

i 

69,3 
66,7 
66,1 
66,5 
69,4 
70,8 
74,6 
77  Ji 
78,4 
80,9 
82,6 
83,5 
84,8 
85,1 
85,8 
86,7 
87,4 
87,9 
87,8 
86,7 
84,9 
81,6 
77,2 
72,8 

I-' 

i 

61,3 
58,9 
67,4 
67,1 
57,6 
59,5 
68,1 
66,9 
71,0 
74,9 
78,8 
80,4 
81,6 
82,2 
83,0 
84,1 
85,3 
86,1 
85,3 
83,9 
80,3 
74,9 
69,1 
64,5 

S" 

1 

54,2 
50,8 
49,1 
49,3 
50,2 
53,1 
55,3 
58,7 
62,4 
65,5 
69,1 
71,5 
78,9 
76,0 
79,3 
90,5 
92,2 
92,8 
81,9 
78,7 
74,1 
69,6 
62,9 
57,8 

i 

e 

55,7 
53,3 
52,1 
51,2 
51,6 
54,3 
57,2 
62,3 
67,5 
71,3 
74,4 
76,9 
79,7 
80,2 
81,8 
83,0 
84,0 
83,3 
92,6 
79,0 
74,0 
68,2 
6.1,1 
68,0 

n. 

s 

1 

59,9 
57,5 
56,8 
55,1 
56,0 
59,4 
61,7 
66,6 
70.5 
74,2 
76,9 
79,6 
90,2 
91,5 
82,9 
84,3 
93.2 
94,9 
92,9 
79,9 
74,2 
69,9 
6.1.3 
61,8 

5. 

X 

57,8 
55,5 
53,9 
58,3 
53,7 
66,2 
69,6 
63,4 
67,2 
70,7 
73,9 
75,7 
77,7 
79,8 
82,0 
88,7 
84,6 
84,2 
82,3 
79,9 
73,9 
66,8 
64,7 
61,2 

t 

i 

59,7 
56,8 
56,2 
66,3 
57,6 
61,6 
62,6 
65,8 
69,3 
72,1 
74,2 
76,0 
77,7 
79,3 
91,0 
82,7 
84,2 
85,0 
84,6 
82,1 
78,8 
73,3 
68,9 
04,3 

" 

i 

69,9 
67,5 
67,1 
67,0 
67,9 
70,4 
73,3 
75,3 
77,7 
79,1 
80,1 
80,7 
81,0 
61,5 
82,4 

84,7 
95,6 
85,6 
84,7 
82,9 
70,6 
73,9 
72,1 

"- 

74,7 
72,8 
72,5 
73,2 
73,3 
77,5 
79,7 
91,0 
91,8 
82,9 
93,7 
94,0 
84,3 
84,6 
844! 
85,3 
85,7 
86,0 
86,3 
86,2 
94,3 
92,2 
79,9 
70,9 

5 

E 

92,9 
91,0 
90,6 
91,4 
92,3 
93,9 
95,4 
96,1 
86,4 
86,5 
87,0 
87,0 
97,2 
97,4 
97,7 
88,0 
88,3 
88,6 
88,8 
89,9 
88,3 
86,9 
9.1,4 
83,9 

1 

i 

i..„_...,4,,,,,,,,,,. 

1 

DXUSHAL  HTQBOMSTBIC  VAJtlATIOX.  S5 

The  laws  which  may  be  deduced  from  these  tables  are 
very  simple.  At  Halle,  the  quantity  of  vapour  attains  its 
nuTtimum  throughout  the  year,  in  the  morning  before  sun- 
rise. At  the  same  time,  on  account  of  the  low  degree  of 
temperature,  the  humidity  is  at  its  maximum.  In  propor- 
tion as  the  sun  rises  above  the  horizon,  the  evaporation  in- 
creases, and  the  air  receives  every  moment  a  greater  quantity 
of  vapour.  But,  as  the  air  opposes  an  obstacle  to  tne  for- 
mation of  this  vapour,  it  becomes  further  and  further 
removed  from  the  point  of  saturation,  and  the  relative 
humidity  becomes  more  and  more  feeble.  This  rate  con- 
tinues without  interruption  until  the  moment  when  the 
temperature  attains  its  maximum.  In  winter,  the  quantity 
of  vapour  regularly  increases  until  toward  the  afternoon; 
when  the  thermometer  commences  falling,  the  vapour  is  in 
part  condensed  on  cold  bodies,  and  the  proportion  of  vapour 
diminishes  until  next  morning;  while,  in  consequence  of 
this  reduction  of  temperature,  the  air  becomes  relatively 
moister. 

In  summer,  things  go  on  quite  differently ;  in  that  sea- 
son, the  absolute  quantity  of  vapour  increases  in  the  morning 
also ;  but,  before  mid-day,  the  maximum  occurs ;  and  in  di£ 
ferent  months  it  occurs  sooner  or  later.  The  absolute 
quantity  of  vapour  then  diminishes  until  the  time  of  the 
highest  temperature  of  the  day,  without,  however,  attaining 
a  miimmm  so  low  as  that  of  the  morning.  As  the  tempera- 
ture rises  during  all  this  space  of  time,  it  follows  that  the 
air  is  further  and  further  from  the  point  of  saturation. 
Afler  having  attained  its  mntifRvm,  the  quantity  of  vapour 
again  increases  very  regularly  until  next  morning,  while 
the  air  becomes  relatively  more  and  more  moist. 

Altlx>ugh  these  monthly  r^ults  are  the  means  of  obaer- 
vttlions  continued  for  several  years,  I  do  not,  however, 
regard  them  as  definitive.  It  would  be  interesting  to  have 
similar  aeries  for  a  great  number  of  places ;  for  the  varia- 
tions appear  to  differ  on  several  points  of  the  globe.  Thus 
the  muufntcm  of  the  quantity  of  vapour  of  water  which 
occurs  about  mid-day  is  relativelv  less  marked  on  the  aea- 
ooast.  This  seems  to  be  proved  by  the  observations  which 
I  made  at  Deep,  near  Tr^vtow,  on  the  Bega,  near  the  coasts 
of  the  Baltic,  during  the  summer  of  1837,  with  the  same 
instrument  which  1  had  employed  during  the  series  at 
fialle.  The  following  table  presents  the  mean  tensions, 
and  the  mean  relative  humidity  of  the  different  hours  of 
the  day  and  night 


TENSION  OF  THE  VAPOUB  OF  WATEB  XVJ>  BELATTVE  HUMIDITT 
AT  THE  DIFFEBENT  HOUB8  ON  THE  COASTS  OF  THE  BAIiTIC. 


JULY. 

AUGUST.                1 

TENSION 

TENSION 

HOUBS. 

of  vapour  in 

HUHiniTT. 

of  vapour  in 

HUBni>ITT. 

millimetres. 

millimetres. 

Noon 

11,38 

69,3 

12,44 

65,6 

1 

11,38 

69,0 

12,36 

64,9 

2 

11,41 

70,3 

12,20 

63,9 

3 

11,23 

70,1 

12,54 

67,5 

4 

11,11 

71,0 

12,37 

68,8 

5 

11,06 

71,9 

12,37 

71,2 

6 

11,00 

73,0 

12,35 

73,9 

7 

10,93 

75,6 

12,22 

77,6 

8 

10,74 

79,4 

12,17 

81,2 

9 

10,64 

82,1 

11,98 

81,5 

10 

10,58 

84,0 

11,88 

82,9 

11 

10,46 

85,2 

11,64 

84,5 

Midnight 

10,28 

85,7 

11,42 

85,6 

13 

10,12 

85,9 

11,25 

86,2 

14 

10,05 

86,2 

11,19 

86,8 

15 

10,09 

86,4 

11,18 

87,5 

16 

10,25 

86,2 

11,30 

87,5 

17 

10,50 

84,9 

11^53 

86,7 

18 

10,78 

82,1 

11,83 

84,6 

19 

10,99 

78,6 

12,12 

81,6 

20 

11,07 

75,1 

12,47 

78,0 

21 

11,13 

72,6 

12,55 

73,7 

22 

11,03 

69,2 

12,65 

72,0 

23 

11,19 

68,6 

12,57 

68,2 

Means. 

10,81 

77,6 

12,02 

77,6 

We  see  by  this  table  that  the  rate  of  relative  moisture 
is  the  same  as  at  Halle,  with  the  exception,  that  the  differ- 
ence between  the  maximum  and  mtTumtun  is  much  less.  Tn 
July,  there  is  a  very  regular  progressive  increase  in  the 
quantity  of  vapour  of  water  from  the  morning  until  the 
afternoon;  for  nartial  anomalies,  such  as  that  at  twenty- 
two  hours,  woula  disappear  in  a  larger  series.  In  Aueust,  the 
quantity  of  vapour  diminishes  toward  mid-day,  iSthough 
much  less  so  than  at  Halle.  We  likevrise  do  not  observe 
any  increase  towards  evening.  Nenber's  observations  at 
Apenrade  lead  to  the  same  results.  From  the  calculations 
of  M.  Dove,  the  following  numbers  are  found  for  the  ten- 
sions of  vapour. 
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88  ON  AQUEOUS  M£T£OBS. 

These  observations  haTing  been  made  with  Duiieli's 
hygrometer,  vre  might  imagine  that  the  want  of  coincidence 
in  uiese  values  depends  on  the  difference  of  the  instruments 
employed.  To  be  certain  on  this  point,  I  made  simultaneous 
observations  for  several  months,  during  the  summer  of  1836, 
with  the  psychrometer  and  Dmnieii's  hygrometer:  their 
indications  agr&Bd  veiy  well.  We  are  hence  compelled  to 
admit,  iJiat  weir  want  of  coinddenoe  is  due  to  differences 
of  climate ;  whilst,  at  Halle,  the  quantity  of  vapour  goes  on 
diminishing  from  morning  till  mid-day  during  the  whole 
summer,  we  find  no  indication  of  this  diminution  at  Apen- 
rade,  where  it  augments  and  diminishes  with  the  tempera- 
ture, and  where  the  differences  between  the  maxima  and  the 
mmima  are  much  more  considerable  than  at  Halle. 

In  order  to  five  a  value  to  these  differences,  we  must 
know  the  l^ws  tnat  these  variations  obey ;  but,  the  number 
of  observations  bang  too  limited,  we  must  confine  ourselves 
to  a  few  general  remarks.  All  these  differences  are  con- 
nected, eitner  with  the  ascending  currents  or  with  the  re- 
sistance that  the  air  opposes  to  the  transference  of  vanours. 
When  evaporatioQ  commences  in  the  morning  wiw  the 
increase  of  temx>erature,  the  vapour,  by  virtue  of  the  resist- 
ance of  the  air,  accumulates  at  the  sur&ce  of  the  soil,  as 
observations  made  at  all  parts  of  the  globe  shew.  This 
stratum  of  vapour  does  not  attain  a  great  thickness ;  but» 
as  soon  as  the  ascending  current  eommmces,  especially  in 
summer,  the  vi^urs  are  drawn  away  toward  the  upper 
parts  of  the  atmosphere,  with  a  force  that  continues  m- 
creasing  until  mid-day.  The  evaporation  from  the  soil 
is  then  more  active  on  account  of  the  increase  in  tempera- 
ture ;  nevertheless,  the  ascending  current  carries  awa^  the 
greater  portion,  and  there  is  a  diminution  in  the  quantity  of 
Yvgowr.  Towards  evening,  when  the  temperature  bcj^ins 
to  fall,  the  ascending  current  diminishes  in  force,  or  even 
ceases  altogether ;  then,  not  only  does  the  vapour  accumu- 
late in  the  lower  parts,  but  it  even  descends  from  the  higher 
regions ;  and,  on  this  account,  we  observe  towards  evening 
a  second  maxmwmj  which  is  not  sustained,  because,  during 
the  niffht,  the  vapour  jM^pitating  in  the  form  df  dew  or 
white-nost,  the  air  necessanly  beoomes  drier. 

The  justice  of  these  remaiks  is  fully  ccmfirmed  by  ob- 
servations made  on  a  high  mountain.  Whilst  at  a  little 
height,  as  that  of  Halle,  the  quantity  of  vapour  diminishes 
toward  mid-day,  we  find,  on  elevated  points,  a  rapid  increase 
in  the  course  of  the  day,  and,  in  the  eveninff,  a  no  less  rapid 
diminution.    These  two  phenomena  are  the  more  marked 
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u  the  point  is  more  elevated.  In  June  1832  and  1833,  I 
observed  the  hygrometer  on  the  Rigi  (1810"),  and  during 
the  months  of  September  and  October  in  the  same  year,  on 
the  Fanlhom  (2672"),  while  M.  Homer  did  the  same  at 
lionich.  The  foUowmg  table  gives  the  mean  of  the  ob- 
servataona  of  the  two  years. 

nomoir  or  the  tafoux  of  watbk  ahb  xblateve  HUMinrrT, 

AT  ZUXICH,  ON  THB  BIGI,  ANB  OR  THX  FAUI^HOUT. 


BOUXS. 

ZUBICH. 

BIGI. 

ZUBICH. 

FAULHOBN. 

mm. 

mm. 

mm- 

mm. 

Hbon. 

10,92 

58,9 

7,54 

80,3 

10,03 

64,0 

4,86 

73,4 

1 

10,99 

58,7 

7,49 

78,2 

9,86 

60,7 

5,04 

75,7 

2 

11,05 

58,6 

7,42 

78,6 

9,87 

59,2 

5,00 

77,0 

3 

10,91 

60,0 

7,40 

79,8 

9,77 

57,9 

5,16 

80,7 

4 

10,97 

60,9 

7,24 

81,2 

9,65 

58,8 

4,94 

80,8 

S 

11,17 

63,8 

7,06 

82,7 

9,86 

63,6 

4,62 

80,5 

6 

11,23 

66,6 

6,98 

85,2 

9,97 

69,5 

4,32 

78,5 

7 

11,21 

71,4 

6,84 

85,7 

9,86 

74,1 

4,16 

77,6 

8 

11,34 

76,3 

6,69 

86,4 

9,66 

76,7 

4,01 

76,1 

9 

11,30 

79,6 

6,70 

87,3 

9,44 

78,7 

3,93 

75,8 

10 

11,13 

81,7 

6,66 

87,8 

9,24 

80,4 

3,86 

75,0 

11 

11,05 

83,8 

6,59 

87,8 

9,08 

81,6 

3,80 

74,4 

Ifidmgfat 

10,85 

85,3 

6,53 

87,7 

8,94 

82,4 

8,78 

73,7 

13 

10,83 

86,7 

6,48 

87,7 

8,78 

83,1 

3,66 

73,0 

14 

10,71 

87,7 

6,43 

87,6 

8,79 

83,8 

3,59 

72,6 

15 

10,61 

89,0 

6,36 

87,5 

8,45 

84,8 

3,53 

72,3 

16 

10,56 

90,0 

6,31 

87,5 

8,32 

85,7 

3,50 

72,1 

IT 

10,57 

89,7 

6,27 

87,0 

8,30 

86,4 

3,50 

71,9 

18 

10,69 

86,9 

6,42 

85,7 

8,37 

86,8 

3,40 

71,9 

19 

10,88 

82,4 

6,56 

84,6 

8,47 

84,5 

3,63 

70,8 

20 

11,13 

76,9 

6,76 

83,4 

8,87 

80,6 

3,79 

69,8 

21 

11,06 

69,9 

7,02 

81,2 

9,39 

76,2 

4,06 

69,7 

22 

11,08 

65,1 

7,27 

81,1 

9,53 

70,4 

4,27 

71,3 

23 

11,05 

61,7 

7,43 

81,5 

9,77 

67,1 

4,62 

71,8 

Means. 

10,97 

74,6 

6,85 

84,3 

9,25 

74,8 

4,13 

74,4 

(Vide  Appendix,^.  10.) 


Let  us  compare  the  absolute  tension  of  vapour  at  Zurich 
and  on  the  Rigi ;  the  pressure  of  the  atmosphere  of  vapour 
Is  at  its  minmum  at  sunrise.     On  the  plam,  it  presents  a 


do 
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maxmum  about  nine  o'clock  in  the  morning;  then  comes  a 
slight  diminution,  and  we  find,  about  three  o'clock  a  value 
lower  by  about  on>»  2  than  that  of  the  morning.  The  quan- 
tity of  vapour  then  increases  progressively ;  and,  about  sun- 
set, attains  a  second  maximumj  to  diminish  then  with  equal 
regularity  until  next  morning.  On  the  Bigi,  situated  at  a 
little  distance,  and  elevated  about  1402  metres  above  the 
lake  of  Zurich,  the  mid-day  minmum  is  entirely  wanting,  on 
account  of  the  vapours,  which  incessantly  rise  from  the 
plain;  towards  evening  these  vapours  fall  very  rapidly 
below  its  summit.  The  observations  at  Faulhom  are  stiU 
more  decisive;  on  this  mountain,  the  greatest  tension  of 
vapour  does  not  take  place  until  several  hours  after  noon.* 

These  notable  differences  in  the  range  of  the  absolute 
-quantity  of  the  vapour  of  water  lead  to  still  greater  in  that 
of  relative  moisture.  De  SansBiire  and  D«liic  had  pre- 
viously pointed  them  out  to  observers,  notwithstanding  the 
imperfection  of  their  instruments.  The  ascending  current 
of  the  morning  draws  the  vapours  toward  the  upper  regions ; 

*  We  M  yet  poiBeoB  bat  a  ^nstj  few  eeriee  of  hygrometrlo  obaenratioos  made 
VDon  hi{^  moontAlns.  In  1841,  M.  Bsataib  studied  witb  me.  and,  in  1842, 
-witb  M.  PsLTOca,  day  and  ni^t,  tbe  moisture  of  the  air,  by  means  of  tba 
psychrometer,  on  tbe  summit  of  tbe  Faulbom.  Tbe  mean  of  tbirty  days' 
obaervatkHU  gave  us  tbe  following  resalts  :•— 

DIUBRAL  VARIATION  OF  HUIODITT  ON  THB  F AULHOBN. 


EyzNiHO. 

MoifTDBX. 

Moxmiio. 

Momiru. 

Abeolizte. 

RelativQ. 

Abeolate. 

Relatire. 

Moon. 
2  b. 
4  b. 
6  b. 
8  b. 
10  b. 

mm. 
5.69 
5,98 
6,07 
5,78 
5,14 
4,43 

0,77 
0,82 
0,89 
0,90 
0,86 
0.77 

Midnight 

4  b! 

6  b. 

8  b. 

10  b. 

mm. 
4.37 
4.34 
4,32 
4,36 
4,59 
4.99 

0,77 
0.79 
0,79 
0,77 
0,73 
0,73 

Tbe  range  of  tbe  absolute  tendon  of  Tapoor,  and  tbe  relative  bomidityr 
is  almost  the  same  as  that  given  in  M.  Kacmts's  table.  During  our  obaerv- 
ationa,  tbe  relative  humidity  was  sensibly  stationary  fhnn  ten  o'clock  in  tbe 
evening  until  the  hour  of  sunrise ;  according  to  him,  the  said  hmnidity 
slowly  decreased  during  tbe  same  period.  Th^  difference  mig^t  arise  firom 
M.  Kaxmts  having  obtained  the  relative  numbers  of  tbe  night-period  by  in- 
terpolation. The  amplitude  erf  oeciUation  is  a  little  greater  in  our  observa- 
tions than  in  bis. 

With  regard  to  absolute  tension,  the  boors  of  maximum  and  minimmnt  as 
well  as  tbe  amplitude  of  vaiiation,  are  almost  Identical.— M. 
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the  air  becomes  relatively  drier  than  it  would  be,  in  conse- 
qnence  of  the  increase  of  temperature  alone ;  whilst  these 
Tapours  are  rising,  the  dryness  increases  less  rapidly,  espe- 
cially as  we  consider  that,  m  the  higher  strata  of  the  atmos- 
phere, the  temperature  changes  less  than  in  ti^e  lower  strata. 
It  may  even  nappen  that,  on  very  elevated  points,  tiie  air 
becomes  relatively  moister  during  the  course  of  the  day, 
whilst  its  dryness  increases  towara  evening,  when  the  va- 
pours descend  to  the  plains.  My  observations  prove  the 
posdbility  in  the  most  evident  manner ;  for,  although  the 
relative  moisture  at  Zurich  and  on  the  Bigi  follows  a  rate 
depending  on  the  hour  of  the  day,  the  dififerences  are,  how- 
ever, much  less  sensible  on  tiie  itigL  At  Zurich,  between 
sixteen  hours  and  two  hours,  we  md  a  difference  of  31,4 
per  cent ;  on  the  Bigi,  between  sixteen  hours  and  one  hour, 
a  difference  of  only  9,3  per  cent.  On  the  Faulhom,  which 
is  870  metres  higher,  the  rate  is  almost  the  reverse ;  in  the 
morning  about  eight  or  nine  o'clock,  some  hours  after  the 
maximum  humidity  at  Zurich,  the  air  is  driest  In  like  man- 
ner in  the  af  temoon,the  relative  humidity  is  very  ^reat  on  the 
Faulhom,  whilst,  in  the  plain,  the  air  attains  its  greatest 
d^pree  of  dryness.  There  must,  therefore,  exist  at  a  certain 
height  a  pomt  where  the  hygrometer  is  stationary  during 
the  twenty-four  hours. 

I  have  insisted  on  these  differences,  as  they  serve  to  ex- 
plain several  interesting  phenomena.  We  may  easily  deduce 
cram  them  the  causes  which  operate  so  that  the  diurnal 
rate  of  relative  moisture  is  dirorent  on  the  coasts  and  in 
the  interior  of  continents.  We  have  seen  that,  on  the  sea- 
coast,  the  quantity  of  vapour  goes  on  increasing  regularly 
firom  sunrise  till  about  two  or  three  o'clock  in  the  after- 
noon; this  happens,  because  the  sea-breeze  rises  precisely 
at  the  moment  when  the  ascending  currents  draw  the  vapour 
toward  the  higher  r^ons.  This  breeze  brings  vapours 
^m  the  sea,  and  the  air  becomes  moister  during  the  after- 
noon than  it  18  in  the  middle  of  the  continent. 

ANNUAXi  VARIATIONS  IN  THB  QUANTITY   OF 

VAPOUR  OF  WATER. — ^Vapour,  being  the  result  of  the 
action  of  heat  on  water,  it  is  evident  that  its  quantity  must 
vary  in  different  seasons.  This  fact  is  even  proved  by  the 
very  few  continued  series  which  we  possess.  Let  it  at  present 
suffice  to  give  a  few  results,  shewing  what  the  absolute  and 
relative  moisture  is  at  Halle,  during  the  different  months  of 
the  year. 
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TEN8IOH  OF  THE  YAPOUK  OT  WATER  AND  BEUlTITE  HUMEDITr 
m  THE  DUTEKEKT  MONTHS,  AT  HALLE. 


TENSION 

of  the  Vapour 

of  Water. 

RELATIVE 
Humidity. 

mm. 

January  .    .    . 

4,509 

85,0 

February . 

4,749 

79,9 

I^farch .    . 

5,107 

76,4 

April   .    . 
May    .    . 

6,247 

71,4 

7,836 

69,1 

June    .    . 

10,848 

69,7 

July    . 

11,626 

66,5 

August    . 

10,701 

66,1 

September    . 

9,560 

72,8 

October    .    . 

7,868 

78,9 

November 

5,644 

85,3 

December     .    . 

6,599 

86,2 

In  January,  the  coldest  month  of  the  year,  the  quantity 
of  vapour  attams  its  minummt ;  at  the  same  time,  the  relative 
moisture  is  at  its  maximwn.  In  propcntion  as  tiie  tempera- 
ture rises,  evaporatioa  becomes  more  active,  and  the  quantity 
of  vf^fMmr  increases,  at  first  slowl  v,  because  the  east  wind^ 
which  commonly  blow  during  tnis  season,  bring  dry  air 
from  the  interior  of  the  oontinent.  However,  we  must  not 
dray,  that  the  numbers  for  winter  and  spring  differ  pro- 
bably much  fix>m  means  furnished  by  series  embracing  a 
greater  number  of  years;  for  the  latter  winters  have  been 
wanner  and  the  spnngs  oolder  than  they  generally  are.  So 
that  the  numbcars  corresponding  to  winter  are  too  high,  and 
those  to  spriuff  too  low.  The  quantity  of  vapour  attains  ita 
maximvm  m  Smy^  the  month  in  which  the  air  is  driest.  At 
the  approach  of  winter,  when  the  heat  diminishes,  the  quan- 
tity of  water  precipitated  in  the  form  of  rain,  dew,  and 
hoar-frost,  greatly  exceeds  that  which  passes  into  the  state 
of  vapour.  Its  quantity,  therefore,  goes  on  diminishing,  al- 
though the  humidity  is  continually  increasiDg,  and  is  greUer 
in  November  and  IJecember  than  in  the  month  of  January. 
This  is  the  origin  of  the  damp  cold  which  characterises  these 
two  last  months. 
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We  find  an  analagons  range  in  all  countries  in  which 
obeervations  haye  as  jet  been  made.  Even  in  India,  where 
the  rate  of  temperatare  differs  so  greatly  from  that  which  we 
hare  in  Europe,  acoordinj^  to  the  observations  of  M.  Prlns«p, 
at  Benares,  an  increase  m  the  quantity  of  vapour  is  found 
towaid  the  month  of  July,  and  a  diminution  m  January. 

HYOROHETBZC    CONBITIOMS    OF    DIFTERSNT 

PASTS  OF  THB  BAKTH.— For  a  host  of  researches,  it 
would  be  of  the  highest  importance  to  know  numerically 
the  quantity  of  vapour  whidi  exists  in  different  r^ions 
of  the  globe.  The  life  of  plants  sod  animals,  and  the 
character  of  the  landscape  depend  on  this  element  as 
nmch  as  on  temperature.  The  dryness  or  humidity  of  the 
air  have  the  greatest  influence  over  the  de^elopement  of 
diseases.  At  present  we  have  not  a  sufficient  number  of 
observations ;  and  the  following  remarks  are  only  inductions 
whidi  may  anticipate  truths  that  are  as  yet  concealed  from 
us. 

In  the  first  place,  it  is  certain  that  the  quantity  of  vapour 
goes  on  diroinisning  with  the  heat,  from  the  equator  to  the 
pole.  In  localities  which  are  similar,  but  which  are  situated 
at  an  unequal  distance  frx>m  the  pole,  is  the  relative  humi- 
di^  regulated  in  the  same  manner  or  differently?  It  is 
impondble  to  say  in  the  present  state  of  our  knowledge.  In 
the  open  sea,  in  all  latitudes,  the  air  appears  to  be  in  a  state 
of  saturation;  for,  if  we  place  pure  water,  saline  solutions, 
dilute  adds,  &c.  under  a  receiver,  the  air  of  the  recetver, 
after  a  certain  time,  will  be  completdy  saturated.  How« 
ever,  at  equal  temperatures,  the  quantity  of  vapour  con- 
tained in  the  receiver  will  not  be  equal  in  these  different 
eases.  It  will  be  as  great  as  possible  with  pure  water,  and 
less  with  other  liquSb.  The  relation  depends  on  the  na- 
ture and  on  the  density  of  the  solution.  If  we  take  a 
mixture  of  water  and  sulphuric  acid,  the  quanti^  of  vapour 
jnH  be  less,  as  the  proportion  of  sulphuric  add  is  greater. 
If  the  sulphurie  add  is  almost  pure,  tne  air  will  remain  dry, 
even  though  we  should  introduce  into  the  receiver  a  gi^ 
quantity  m  vapour.  Although  heat  fiivours  the  vaporis- 
ation of  water,  sulphurie  add  and  certain  salts  have  such  an 
affinity  Ibr  the  vapour  of  water,  that  they  oppose  its  fonn- 
ation.  If  they  cannot  entirely  prevent  it,  they  limit  it;  and 
there  is  only  formed  a  quantity  of  vapour,  which  is  the 
lesnH  of  the  equilibrium  between  the  production  of  vapours 
by  heat  and  tneir  absorption  by  sulphuric  add.  Wnen  a 
greater  quantity  of  vapour  than  is  neoessaiy  to  saturate  the 
air  is  introdooed  into  the  apparatus,  this  excess  is  absorbed 
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Sthe  add,  and  converted  into  water.  It  is  easv  to  prove 
286  assertions,  by  placing  a  hair  hygrometer  in  tne  receiver 
containing  the  solutions ;  the  hygrometer  never  indicates 
100°  except  when  the  liquid  is  pure  water;  in  all  other 
cases  the  needle  indicates  some  degrees  less  than  100. 

In  applying  these  considerations  to  the  waters  of  the  sea, 
we  remark  that  they  contain  more  or  less  salt ;  whence  it 
follows  that  they  develope  less  vapour  than  does  distilled 
water.  So  that,  in  making  experiments  at  different  tempe- 
xatures,  we  find  that  the  water  of  the  ocean  sends  forth  a 
quantity  of  vapour  equal  only  to  that  which  would  be  pro* 
auced  by  an  equal  mass  of  distilled  water,  3°,5  colder.  On 
the  ocean,  the  dew-point  is  generally  below  the  temperature 
of  the  water  of  the  sea;  the  air  of  the  oceaui  therefore,  is 
always  completely  saturated. 

On  coasts,  the  quantity  of  vapour  is,  in  equal  latitudes, 
the  greatest  possible ;  and  it  dimmishes  in  proportion  as  we 
penetrate  into  the  continent.  This  rule  is  confirmed  in  the 
mterior  of  the  United  States  of  America,  in  the  middle  of 
the  plains  of  Oronoco,  in  the  steppes  of  Siberia,  in  the  deserts 
of  Africa  and  Asia,  as  well  as  m  the  interior  of  New  Hol- 
land, where  the  air  is  habitually  very  dry.  In  this  we  see 
how  all  meteorological  phenomena  are  reciprocally  linked 
together;  the  deserts  oi  Africa,  being  altogether  dry,  are 
not  the  seat  of  any  evaporation.  Besides,  the  extreme  heat, 
still  further  increased  by  the  reverberation  of  the  sand, 
opposes  the  aqueous  precipitations,  and  consequentiy  this 
country  is  condemned  to  eternal  sterility. 

HYOROMBTRIO  CONDITZONS  AT  DIFFBRSNT 
HSIGHTS    IN   THE   ATM08PHBRE.— Are   the   Upper 

strata  of  the  atmosphere  drier  or  more  moist  than  the 
lower  ?  I  will  endeavour  to  treat  on  this  question  in  the 
present  section ;  it  is  of  high  importance  toward  giving  us  a 
knowledge  of  atmospheric  vicissitudes.  We  must  not  forget 
the  distinction,  whicn  has  already  been  established,  between 
the  absolute  quantity  of  vapour,  and  the  relative  humidity 
of  the  air.    With  r^ard  to  the  former,  it  would  be  idle  to 

Srove  that  the  pressure  of  the  atmosphere  of  vapour  and  its 
ensity  diminish  in  proportion  as  we  ascend.  All  experi- 
ments prove  this.  If  certain  exceptions  are  cited,  they  may 
be  traced  to  extraordinary  perturbations  analogous  to  those 
which  a  disturbance  in  the  decrease  of  temperature  pro- 
duces. The  subject  at  present  before  us  is  relative  moisture; 
and  on  this  point,  the  opinions  of  philosophers  are  divided. 

De  Banunrei  and  Delve,  who  were  the  first  to  take 
hygrometers  up  high  mountains,  but  who  have  not  always 
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established  the  distinction  on  which  we  have  just  insisted, 
haye  said  in  general  terms,  that  the  air  was  drier  above 
than  below.  Tnis  fact,  having  been  very  generally  admitted 
by  philosophers,  was  confirmed  by  the  experiments  which 
De  Humboldt  made  in  intertropical  America ;  but,  not- 
withstanding authorities  of  so  hign  a  stamp,  I  ibiak  I  may 
contest  the  generality  of  this  assertion. 

When  we  follow  the  ran^e  of  the  hygrometer  for  any 
time,  on  an  elevated  point  of  the  Alps,  a  degree  of  dryness 
18  recognised,  of  which  we  have  no  idea  in  the  plains ;  it 
often  accompanies  that  beautiful  weather  so  ardently  sought 
after  by  travellers.  In  cases  of  this  kind,  I  have  frequently 
seen  the  snow  disappear  with  extreme  rapidity,  without 
moistening  the  earth,  because  it  was  immediately  trans- 
formed into  vapours ;  wood,  placed  in  the  sun,  very  speedily 
warped.  If  these  phenomena  take  place  at  the  surface  of 
the  sofl,  where  the  nygrometer  is  influenced  by  direct  eva- 
poration from  the  earth,  they  must  be  still  more  marked 
when  we  ascend  in  a  balloon.  However,  we  must  not  fo^et 
that  these  very  dry  days  succeed  days,  and  even  entire 
weeks,  during  which  the  summits  of  the  mountains  are 
veiled  in  thicK  fc^  whilst  in  the  plain  the  hygrometer  is 
far  from  the  point  of  saturation.  If  we  reflect  that  the 
observations  of  De  Baussnre,  and  Dalne,  with  the  excep- 
tion of  their  stay  on  the  Col  du  G6ant,  were  all  made  during 
journeys  over  mountains,  for  which  they  always  selected 
fine  weather,  we  shall  not  be  astonished  if  their  results  are 
fiur  distant  from  the  mean  result.  In  analysing  those  of  M. 
de  Humboldt,  we  must  not  forget  that  his  lower  station  was 
on  the  sea-coast,  whilst  his  higher  station,  dtuated  within 
the  country,  was  exposed  to  the  influence  of  east  winds, 
which,  when  they  traverse  vast  continents,  are  generally 
verjT  dnr.  De  Sauesure  made  a  series  of  observations 
during  his  sixteen-days*  sta^^  on  the  Col  du  Geant,  at  a 
height  of  3450  metres;  wmlst  simultaneous  observations 
were  being  made  vdth  the  instruments  at  Greneva,  and  in 
the  valley  of  Chamouni.  Unfortunately,  the  inventor  of 
the  hygrometer  excluded  fjx>m  his  calculations  all  the  da3rs 
during  which  he  was  surrounded  with  clouds ;  and,  conse- 

auently,  the  mean  which  he  obtained  is  very  different  from 
tie  real  mean. 

Considerations  of  this  kind  have  induced  me,  in  my^ 
Treatise  on  Meteorology,  to  throw  a  doubt  on  the  generally 
received  opinion  of  the  greater  dryness  of  the  higher  regions. 
While,  for  a  period  of  nine  weeks,  the  air  at  Zurich  did  not 
contain,  at  a  mean,  more  than  74,6  per  cent  of  the  vapour 
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necessaiT  to  its  saturatioii,  it  contained  84,3  on  the  BigL 
After  eleven  weeks  of  obserrations  during  the  months  of 
Au^st,  September,  and  October,  this  ouantity  was  74,8  at 
Zurich,  and  74,4  on  the  Faulhom.  Thus,  then,  we  are 
authorised  to  conclude  that,  as  a  whole,  the  air  of  the  upper 
strata  is  as  moist  as  that  of  the  lower  strata.* 

My  observations  have  also  shewn  me  the  influence  of 
atmospheric  vicissitudes  on  this  phenomenon, — an  influence 
much  more  marked  in  the  r^on  of  clouds  than  on  the 

Elain.  The  weeks,  which  I  parsed,  in  1832,  on  the  Faul- 
om,  were  remarkable  for  their  great  severity.  The  sky 
was  cloudy  for  only  a  few  days,  and  I  was  rarely  enveloped 
in  clouds.  The  end  of  the  summer  of  1833  was,  on  the 
contrary,  very  moist ;  the  sky  rarely  remained  clear  for  a 
few  hours ;  and  frequent  inundations,  the  result  of  abundant 
rains,  desolated  many  parts  of  Switzerland.  So,  in  1832, 
the  relative  humidity  was  74,4  at  Zurich ;  and  63,3  on  the 
Fa^om.  In  1833,  it  was  75,3  at  Zurich,  and  85,5  on  the 
Famhorn.  Thus,  while,  in  the  fonner  year,  the  air  wbb 
much  drier  above,  it  was  the  reverse  during  the  latter;  and 
the  difference  of  the  two  years  is  more  characteristic  on  the 
mountains. 

It  remains  for  us  to  seek  for  the  causes  of  these  differ- 
ences in  relative  humidity.  Without  doubt,  oontinuoua 
observations  for  several  jears  would  be  necessary  in  order 
to  decide  these  questions  m  a  definite  manner ;  but,  since  we 
do  not  possess  them,  I  must  make  use  of  my  own.  The 
first  idea  which  presents  itself  to  the  mind  is  to  admit  that 
the  tension  of  va^ur  diminishes  faster  in  dry  weather  than 
it  does  in  moist,  m  the  higher  regions  of  the  atmosphere. 
However,  the  differences  that  have  been  observed  are  not 
entirely  explained  by  this  circumstance;  for,  in  1832,  the 
tension  of  vapour  on  the  Faulhom  was  3'^,748,  and  at 
Zurich,  8«,797.  In  1833,  I  found  it  4'»»»,507,  for  the 
Faulhom,  and  9**"',710,  for  Zurich.  Thus,  then,  while 
during  the  dry  summer  of  1832,  the  quantity  of  vapour  on 
the  Faulhom  is  0,43  of  that  on  the  plam,  it  was  0,46  during 
the  wet  summer  of  1833 ;  and,  although  the  latter  figure  is 
higher  than  the  fomier,  it  is  not  sufficiently  so  to  ezpUun 

•  The  obaenratlons  which  I  made  with  M.  Beavais,  at  the  nunmit  of 
the  Mune  mountain,  on  the  16th  of  July,  and  the  6th  of  Angost,  1841,  ftilly 
conflrm  the  author*!  reenlte.  We  fbond,  for  the  eomparati?e  rclatiTe  hu- 
midity :— 

Faulhom 75,9 

Zurich       72,9 

Milan        69»3 

M. 


IHIXUENCE  OF  WIITD8.  97 

the  observed  differences.  The  influence  of  temperature  is 
shewn  much  more  powerfully :  in  1832,  the  mean  of  the 
series  was  12%67  at  Zurich,  and  2^46  on  the  Faulhom ;  in 
1833,  it  was  14°,20  at  Zurich,  and  0°,51  on  the  Faulhom. 
Xhiring  the  former  year  it  was  necessary  to  ascend  230 
metres,  in  order  to  obtain  a  decrease  oi  I*';  during  the 
latter,  a  difference  of  level  of  164  metres  was  sufficient  to 
obtain  the  same  decrease.  It  is  then  very  probable,  that 
the  decrease  of  temperatiure  is  much  less  rapid  during  serene 
than  during  cloudy  weather;  and  it  is  tnis  circumstance, 
which  is  due  to  the  direction  of  the  wind,  and  other  causes, 
that  reacts  in  its  turn  on  the  state  of  the  weather,  either  de- 
termhun^  or  preventmg  the  condensation  of  vapours. 

All  tnese  considerations  explain  to  us  why  observers 
have  always  complained  of  the  inaccuracy  of  nygrometrio 
indications.  Thus,  the  sky  is  cloudy,  or  it  even  rains,  and 
yet  the  hygrometer  is  dry ;  at  another  time,  the  weather  is 
me,  and  tne  hygrometer  indicates  a  very  high  degree  of 
humidity.  So  tnat  the  recriminations  of  those  who  regaid 
these  instruments  as  prognosticators  of  weather,  are  very  kgi* 
timate.  But  philosophers  ought  not  to  forget  that  the  ther- 
mometer and  the  hygrometer  simply  indicate  the  condition 
of  the  air  of  the  place  in  which  they  are  situated.  At  fiffy 
or  sixty  metres  above  the  head  of  the  observer,  conditions 
are  changed.  Suppose,  for  example,  that  the  quantity  of 
Tapour  of  water  diminishes  regularly  with  the  height,  but 
that  the  decrease  is  more  rapid  than  usual ;  we  shall  then 
have  a  clouded  slnr  with  a  drjr  hydrometer.  If  the  reverse 
takes  place,  and  tne  air  is  imusually  hot  above,  the  hygro- 
meter may  be  moist  with  a  clear  sky. 

Thus,  therefore,  predictions  baised  on  the  state  of  the 
hydrometer  will  be  very  often  at  fault  In  the  sequel,  we 
shtdl  find  that  we  must  combine  them  with  another  dement, 
namely,  the  pressure  of  the  atmosphere. 

XNFIiUSNCB  OF  \iriND8  ON  THB  HYOROMS- 
TRXO  CONDITXON8  OF  THB  ATM08PHBBB.— Daily 

experience  has  long  taught  us  that  the  air  is  not  equally 
moist  with  every  wind.  When  the  farmer  wishes  to  diy 
his  com  or  his  hay,  or  the  housewife  spreads  out  her  wet 
linen,  their  wishes  are  soon  satisfied  if  the  wind  blows  con- 
tinuously ;  but  a  much  lon^r  time  is  required  with  a  west 
wind.  Certain  operations  m  dyeing  do  not  succeed  unless 
during  east  winds.  However  instructive  these  observations 
may  be,  they  can  never  lead  to  rigorous  laws. 

To  obtam  these,  we  must  ransack  a  long  series  of  me- 
teorological journals,  in  order  that  partial  anomalies  may 
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disappear  in  the  means.  We  associate  all  the  hygrometria 
indications  which  correspond  to  each  wind,  we  take  their 
arithmetical  mean,  and  m  this  manner  ohtain  the  hygro- 
metric  card  of  the  winds  of  the  locality  in  question.  To 
obtain  an  exact  result,  certain  precautions  are  mdispensable. 
The  hygrometric  conditions  varying,  as  we  have  seen,  ac- 
oordinff  to  the  hour  of  the  day  and  the  season  of  the  year, 
it  woiud  be  very  irrational  mnocently  to  sum  up  all  the 
numbers  found :  for,  let  us  suppose  that  the  north  wind  haa 
blown  ten  times  in  winter  md  thirty  times  in  summer, 
as  the  air  contains  more  yaponr  of  water  in  summer  than  in 
winter,  the  mean  quantity  of  vapour  corresponding  to  this 
wind  would  be  hi^ner  if  we  contented  oursdves  wim  taking 
the  mean  of  our  forty  observatioDS.  I  prefer  the  following 
method: — 

Bein^  in  possession  of  a  considerable  number  of  dafly 
observations  made  at  Halle,  I  soueht  the  mean  direction  of 
the  wind  for  each  day,  and  I  appued  to  it  the  hyerometne 
mean.  In  the  cases  when  there  were  sudden  chanses  of 
wind  during  the  day,  as  fhKn  the  S.W.  to  the  N.£.  for  ex- 
ample, I  applied  the  hygrometric  mean  equally  to  both 
winds.  K  each  wind  had  blown  the  same  numbo:  of  times 
in  each  month,  I  could  have  separately  added  the  tensions 
of  vapour  obs^ed  for  each  month,  and  have  divided  their 
sum  Dj  die  number  of  times  that  the  wind  had  blown.  But 
each  wind  does  not  blow  the  same  number  of  times,  either 
during  a  month,  or  even  during  a  year;  we  cannot,  tiiere* 
fore,  adopt  this  nrocess:  but  two  methods  present  them- 
selves,  by  which  tnis  difficulty  may  be  solved :  1st,  To  take 
the  mean  for  each  hour  of  the  month,  and  then  to  deduct 
firom  it,  first  the  monthly  mean,  and  afterwards  the  annual 
mean.  But  this  will  be  only  an  a^roximation ;  for  any 
given  wind  blows  more  frequently  m  one  month  than  in 
another ;  and  it  will  follow,  that  the  same  d^ree  of  con- 
fidence will  be  given  to  a  mean  deduced  from  a  small  num- 
ber of  fiffures  as  to  that  which  shall  be  the  result  of  a  long 
series  of  observations.  2d,  Suppose  that  I  have,  for  in- 
stance, taken,  for  the  north  wmd,  the  monthly  mean  of 
several  years;  I  compare  it  with  the  general  mean,  and 
look  for  their  difference ;  I  then  multiply  the  latter  by  the 
number  of  observations ;  I  afterwards  add  these  products 
quarterly  or  annually,  and  I  subtract  the  mean  of  these 
sums  from  the  general  means.  A  single  example  will  ex- 
plain what  I  have  just  said.  Let  the  tensions  or  vapour  for 
the  N.£.  wind  in  three  months  be :-— 
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nun. 

December  .    10  observations     .    3,587  mean 
January     .8      .     „     .    .     .    3,091       „ 
February  .12      .     „     .    .    .    3,661      „ 

But  the  sum  of  the  observations  gives  as  the  mean  tension 
of  each  month : — 

'  nun. 

December 5,484 

Januaiy 4,169 

February 4,563 

Winter 4,738 

Consequently,  we  deduce  the  following  differences :-— 

mu.  niiD.  nun. 

December  .  •  .  3,587  —  5,484  =  —  1,897 
January  .  .  .  3,091  —  4,169  =  —  1,078 
February  •    .    .    3,661  •—  4,563  =  —  0,902 

Now,  let  us  multiply  these  differences  by  the  number  of 
observations,  and  we  shall  find : — 

moi*  nun. 

December  .  .  .  10  x  —  1,897  =:  —  18,970 
January  .  .  .  8  x  —  1,078  =:  —  8,624 
February  .    .    .  IS  x  —  0,902  =  —  11,726 

Sum -*  39,320 

Mean  by  31  .    .    .  —    1,268 

So  that,  in  winter,  for  the  N.E.  wind,  the  mean  tension  of 
tiie  vapour  is  1<""',268  below  the  general  mean ;  it  is,  there- 
fore, ejual  to  4»",738  —  1»»«',268  =  3"«,470. 

This  method  is  undoubtedly  long  and  tedious,  but  I 
know  of  no  other  more  accurate  mode ;  and,  as  it  would 
be  of  the  highest  interest  to  possess  these  elements  in  a  great 
number  of  countries,  I  would  induce  observers  to  make 
these  tables  by  winds  and  tensions  every  day,  without 
which,  the  number  of  observations  will  so  accumulate,  that 
we  shall  lose  all  courage  to  calculate  thenu 

I  have  been  led  to  these  results  by  four  consecutive 
years  of  observations  (1834-7),  made  at  Halle.  However, 
I  do  not  think  that  these  numbers  are  definitive ;  because 
the  monthly  means  are  still  uncertain.  Nevertheless,  as  I 
know  of  no  other  series  that  furnishes  all  the  necessary  ele- 
ments, I  here  give  these  numbers,  which  cannot  be  very  fax 
from  the  truth,  so  far  as  middle  and  southern  Germany  are 
eoneemed ;  if  we  first  seek  the  mean  tension  of  vapour 
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during  the  year,  we  find,  for  the  different  winds,  the  follow- 
ing numbers : — 

TENSION  OF  THE  VAPOUB  OF  WATEB  FOB  DIFFEBENT  WINDS. 


mm. 

mm. 

N. 

6,69 

S. 

7,82 

N.E. 

6,56 

S.W. 

7,46 

E. 

6,90 

w. 

7,26 

S.E. 

7,31 

N.W. 

6,90 

So  that  the  quantity  of  vapour  is  as  small  as  possible 
when  the  wind  blows  between  the  N.  and  the  N.E. ;  it 
increases  when  it  turns  to  the  E.,  the  S.E.,  and  the  S. ;  and 
attains  its  maximum  between  the  S.  and  the  S.W.,  to  di- 
mkiish  again  in  passing  to  the  W.  and  the  N.W.  The  cause 
of  these  differences  is  very  simple.  Before  arriving  to  us, 
the  west  winds  pass  over  the  Atlantic,  and  become  charged 
with  vapours ;  whilst  those  which  blow  from  the  east  come 
from  the  interior  of  the  continents  of  Europe  or  Asia. 
These  vapours  are  resolved  into  rain  when  the  west  winds 
arrive  in  France ;  but  this  water  aknost  immediately  evapo- 
rates, and  the  consequence  is,  that  in  Germany  these  winds 
will  be  always  more  char^  with  vapour  than  those  from 
the  east  The  W.S.W.  wind,  coining  at  once  from  the  sea, 
and  firom  the  wanner  countries,  may  become  charged  with 
a  greater  proportion  of  the  vapour  of  water  than  the  west 
'Wind,  which  is  colder.  Also,  although  the  latter  has  less 
distance  to  pass  over  in  order  to  arrive  from  the  sea  to 
Halle,  it  contains  a  less  proportion  of  vapour  than  the  S.W. 

The  same  differences  exist  between  the  different  seasons ; 
I  pass  them  over  in  silence,  to  direct  my  attention  solely  to 
relative  humidity.  Here,  the  element  of  temperature  enters 
into  the  calculation;  for  the  quantity  of  vapour  may  vary 
infinitely,  while  the  degree  of  heat  remains  still  the  same. 
We  shall  see,  from  what  follows,  the  influence  which  the 
winds  have  over  the  temperature ;  but  every  one  already 
JknowB  that  in  winter,  for  example,  the  west  wmds  are  warm, 
whilst  those  firom  the  east  are  cold.  I  have  already  re- 
marked also,  that,  in  equal  latitudes,  the  winters  were  colder 
and  the  summers  wanner,  in  the  interior  of  the  continent 
than  on  the  western  coasts  of  Europe.  If  the  annual  means 
were  taken,  the  numbers  found  for  Halle  will  not  make  the 
differences  prominent.  In  taking  the  per-centa^e  of  vapour 
x>f  water  capable  of  saturating  &Sax  wind,  the  following  table 
presents  the  proportion  of  vapour  that  this  wind  contams : — 
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lOlr 


mStiATXYB  QUANTITT  OF  VAPOITK  OF  WATSB  FOB  BACH  Wnn> 

AT  HALLE. 


N. 

78,8 

S. 

78,6 

N.E. 

77,5 

S.W. 

74,8 

E. 

73,0 

w. 

74,4 

S.E. 

74,8 

N.W. 

76,5 

ThoB,  although  during  the  north  wind  the  air  contains 
a  much  less  proj^rtion  ofthe  yaponr  of  water  than  during, 
the  aonth  wind,  it  is  neyertheless  infinitely  more  moist,  on 
ftoconnt  of  its  low  temperature.  The  seasons  fpye  a  still 
fdxther  modification  to  tins  senezal  rule,  on  which  account 
I  here  give  the  following  table  :— 

BELATIVE  HUMIDXTT  FOB  THE  DIFFBBERT  MONTHS 
IN  THE  FOUB  SEASONS  OF  THE  TSAB. 


WIND. 

SPBING. 

SUMMBB. 

AUTUMN. 

WiNTEB. 

N. 

89,5 

75,0 

67,6 

78,7 

NJE, 

91,2 

72,3 

67,4 

82,6 

£. 

92,6 

66,9 

61,8 

75,7 

SJB. 

85,5 

71,4 

66,3 

79,2 

S. 

88,0 

70,8 

67,4 

76,2 

8.W. 

81,9 

70,8 

69,9 

78,6 

W. 

80,9 

71,7 

71,4 

80,6 

N.W. 

83,2 

78,4 

68,8 

82,7 

(Vide  Appendix,^.  11). 


This  table  probably  contains  several  anomalies ;  how- 
eTer,  it  gives  rise  to  many  interesting  considerations.  We 
are  first  struck  by  the  contrast  existing  between  winter 
and  summer.  Although,  in  these  two  seasons,  the  propor- 
tion of  vapour  is  leas  durinir  east  than  during  west  winds, 
yet  the  lower  temperature  of  these  winds  during  winter  re- 
establishes the  equilibrium,  and  in  this  season  the  east 
wind  is  the  moister,  and  the  west,  the  drier.  In  summer 
the  contrary  is  the  case ;  when  either  of  these  winds  is  com- 
mencing to  blow,  the  contrast  is  the  more  striking.  If,  for 
example,  in  winter,  the  west  winds  have  prevailed  for  some 
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time,  with  a  very  pure  atmoephere,  and  an  E.  or  N.E. 
wind  suddenly  rises,  the  tky  is  cloudy  in  a  short  time ;  one 
part  of  the  vapour  of  water  is  precipitated  in  the  state  of 
rain  or  snow,  and  thick  fogs  occupy  the  lower  regions  of 
the  atmosphere.  In  this  state  of  things,  the  harometer  is 
often  at  fair,  which  cives  rise  to  recriminations  without  end 
against  the  Mae  predictions  of  this  instrument.  But,  if  the 
east  wind  continues  to  hlow,  the  skv  then  becomes  serene, 
although  the  air  remains  moist.  If  tne  converse  takes  place, 
that  is  to  say,  if  the  sky  is  clouded,  the  wind  being  in  the 
east,  and  it  suddenly  passes  to  the  south,  the  sky  oeeomes 
dear,  and  the  atmosphere  dry ;  because  the  wanner  air  dis- 
solves the  vapour  of  water,  and  is  far  from  the  point  of 
saturation.  It  is  only  when  this  wind  has  previuled  for 
some  days,  and  has  brought  to  us  a  large  quantity  of 
vapours,  that  the  atmosphere  again  becomes  moist. 

I  have  studied  the  influence  of  winds  in  other  localities, 
and  the  numbers  to  which  I  have  arrived  differ  but  littiie 
from  those  that  I  have  given,  so  that  they  may  be  consideied 
as  doeelv  approaching  to  the  truth.  Without  dwelling 
npon  daily  mnmuB,  but  by  cTamining  the  variations  whicS 
take  place  duitup  the  day,  a  regular  rotation  of  the  winds 
is  recognised.  Thui,  the  wind  passes  firom  the  £.  to  the 
S.E.,  then  to  the  S^  and  so  on ;  but  the  proportions  of  the 
vapour  (^  water  are  not  the  same  for  each  of  these  winds. 
If  the  vane  indicates  the  S.E.  wind,  it  will  soon  turn  to  the 
S.,  and,  as  the  drcumsianoes  that  determine  this  change 
already  exist,  the  quantity  of  the  vapour  of  water  gradually 
increases  daring  the  day.  For  the  same  reason,  this  pro- 
portion of  vapour  diminishes  if  the  wind  is  in  the  N.E.y 
because  it  is  preparing  to  pass  to  the  north.  M.  Dove  has 
demonstratea  these  nets  by  taking  for  his  base  the  four 
daily  observations  of  the  Observatory  at  Paris.  Those 
which  I  made  hourly,  from  six  o'clock  m  the  morning  until 
ten  in  the  evening,  shew  it  still  more  evidently. 
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In  comparing  the  tension  of  the  vapour  observed  at  each 
hour  of  the  day  and  for  each  particukr  wind,  with  the 
general  mean  tension  of  that  hour,  I  entirely  avoid  the 
diurnal  variation ;  and  I  find  a  constant  connexion  between 
the  rotation  of  the  wind,  and  the  increase  or  diminution  of 
the  quantity  of  vapour.  The  preceding  table  gives  the 
view  of  these  differences.  The  si^  —  signifies  that  the 
tension  of  vapour  was  below,  the  sign  +  that  it  was  above, 
the  mean. 

This  view  contains  more  anomalies  than  one,  because  the 
observations,  on  which  it  rests,  were  not  continued  for  a 
sufficiently  long  time.  It  shews  how  much  the  tension 
diminishes  with  the  N.W.,  the  N.,  and  the  N.E.  winds,  in 
the  course  of  the  dav,  and  how  much  it  increases  with  those 
from  the  S.E.,  and  the  S. ;  the  E.  and  the  S.  lines  also  form 
a  remarkable  contrast.  With  the  east  wind,  the  Quantity  of 
Tapouir  increases  during  the  day ;  however,  at  tne  hottest 
hours,  it  diminishes  rapidly.  Witn  the  south  wind  it  increases 
during  precisely  the  same  hours.  In  summer,  these  va« 
nations  are  much  more  marked  than  in  the  other  seasons, 
and  they  depend  on  the  ascending  current  With  Uie  east 
wind,  when  the  sky  is  clear,  the  vapours  rise  under  the 
influence  of  the  sun,  and  the  quantity  of  vapour  dinodnishes 
until  the  evening,  when  it  falls  to  the  su^&oe  of  the  earth. 
With  the  south  wind,  the  sky  is  often  cloudy ;  the  ascending 
currents  are  more  feeble  or  are  null ;  and  the  vapours,  that 
are  formed  during  the  day,  remain  in  the  lower  strata  of 
the  atmosphere. 

It  would  be  interesting  to  seek  what  the  proportions  of 
vapour  are,  above  and  l^low,  with  the  same  wind;  but 
observations  on  this  subject  are  wanting.  However,  the 
existing  materials  give  nse  to  considerations,  which  I  will 
develope  in  the  sequel. 

PASSAGE     OF     VAPOURS     INTO     THE     LIQUID 

STATS. — Hitherto  we  have  studied  the  conditions,  which 
influence  the  quantity  of  vapour  of  water  contained  in  the 
air.  Although  incomplete,  the  facts  related  are  sufficient  to 
enable  us  to  comprehend  the  theory  of  the  transition  of 
vapours  iato  the  liquid  state.  When  the  air  contains  a 
greater  quantity  of  the  vapour  of  water  than  it  can  contain 
m  a  state  of  saturation,  one  part  of  this  vapour  is  resolved 
into  water,  or  floats  in  the  air  in  the  state  of  cloud.  The 
vapour  of  water  is  always  precipitated  under  the  influence  of 
the  same  causes,  but  under  a  different  form.  We  will,  there- 
fore, examine  separately  dew,  white  frosts,  fog,  doud^  rain, 
and  snow.    I  have  purposely  avoided  mentioning  hail ;  for 
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its  Ml  is  accompanied  by  such  a  derelopement  of  electricity 
that  maqy  philosophers  think  this  fluid  to  play  a  gr^t  part 
in  its  formation ;  I  have,  therefore,  placed  the  article  on 
Hail  in  the  chanter  on  Electricity. 

Although  tnese  atmospheric  precipitations  have  been 
observed  for  a  long  time,  yet  positive  laws  have  not  sup- 

Elied  the  place  of  gratuitous  hypotheses,  until  within  about 
alf  a  century.  In  1784,  Huttom  established  the  following 
principle :  when  two  masses  of  saturated  air  of  unequiu 
temperature  meet,  there  is  a  precipitation  of  aqueous  va- 
pour. If  the  masses  of  air  are  not  in  a  state  of  saturation^ 
they  nevertheless  become  moister ;  and,  if  the  temperatures 
are  very  different,  there  will  even  be  a  precipitation,  al-* 
though  the  two  masses  of  air  might  not  be  saturated. 

At  the  epoch  of  its  appearance,  this  thesis  was  combatted 
by  ]>«i«c,  who  had  laid  down  a  theory,  to  which  time  ha» 
done  justice,  whilst  that  of  Button  is  still  maintained. 
Suppose  that  two  masses  of  equally  saturated  air  are  mixed, 
one  being  at  the  temperature  of  10°,  the  other  at  20° ;  the 
mixture  will  have  a  temperature  of  16°.  According  to  the 
table  p.  72,  the  elasticity  of  the  vapour  of  water,  in  one  of 
the  masses,  will  be  9°*^90,  and  in  the  other  18'»"',20.  So  in 
the  state  of  mixture  it  will  be  14'"">,05.  But  air  at  15°,  at  it» 
nutximum  of  saturation,  can  only  contain  a  quantity  of 
Vapour  with  13">'°,44  of  tension.  So  that  the  difference, 
namely,  14"»,05  —  13*",44  =  0*"',61,  will  express  the 
tension  of  the  quantity  of  vapour  that  will  be  precipitated.- 
Suppose  now  that  eacn  of  these  masses  of  air  only  contains 
50  per  cent  of  vapour  of  water,  then  the  elasticities  would 
be  4*",95  and  9""*,  10 ;  and,  alter  the  mixture,  this  elasticity 
would  become  7""",02.  But  air  at  15°  being  able  to  contain 
only  13"*,44  of  vapour,  the  mixture  wUl  have  52  per  cent 
of  vapour  of  water.  The  quantity  of  aaueous  precipitation 
will  be  in  proportion  to  the  difference  of  temperature  of  the 
two  masses  of  air,  as  the  very  simple  calculations  that  we 
have  just  made  shew. 

ON  DBW  AMD  WHITB  FROST. — ^When  the  vapouT 
of  water  is  precipitated  during  the  night,  in  the  form  of 
drops  spreaa  on  the  surfiue  of  plants  and  other  bodies,  it 
obtains  the  name  of  dew.  If  the  temperature  is  very  low, 
it  i^pears  in  the  state  of  white  frost.  This  kind  of  precipi- 
tation more  frequently  takes  place  when  the  sky  is  clear ; 
hence  a  great  many  hypotheses  may  explain  its  formation^ 
Alchemists  used  caremlly  to  collect  the  dew,  which  they 
reg^urded  as  an  exudation  from  the  stars,  and  in  which  thejr 
hoped  to  find  gold.    Other  philosophers  admitted  that  it 
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was  a  very  fine  rain  coming  from  the  elevated  reg^ions  of 
the  atmosphere ;  whilst  others  were  persuaded  that  it  came 
out  of  the  earth.  There  are  some,  who  attributed  to  it  ex- 
traordinary properties,  among  which  they  especially  notice 
its  frigoriiic  qualities.  The  experiments  on  this  subject 
made  by  'Wtnim,  in  London,  are  a  model  to  be  followed  in 
ail  meteorological  researches;  they  shewed  what  was  the 
true  theory  of  the  formation  of  dew.  Notwithstanding  the 
objections  that  have  been  raised  against  it,  I  still  regard  it 
as  that  which,  above  all  others,  agrees  best  with  the  whole 
range  of  observed  facts. 

To  measure  the  quantity  of  dew  deposited  each  night,  an 
instrument  is  used,  called  a  drosometer.  The  most  simple 
process  consists  in  expoang  to  the  open  air  bodies,  whose 
exact  weight  is  known;  and  then  weighing  them  afresh 
after  they  are  covered  with  dew.  Accordmg  to  "WtUm, 
locks  of  wool,  weighing  five  decigrammes,  are  to  be  pre- 
ferred,  which  are  to  be  divided  into  spherical  masses,  of  the 
diameter  of  about  five  centimetres. 

The  most  important  phenomena,  which  accompany  the 
production  of  dew,  are  the  following  :->— 

Ist.  The  dew  falls,  for  the  most  part,  during  calm  and 
serene  nights.  This  law,  which  was  established  by  Aristotle, 
has  been  frequently  doubted  since  his  time ;  Mnsschen- 
broeck  in  particular  has  asserted  that,  in  Holland,  the  dew 
was  abundant  during  the  time  of  fogs.  But,  although  the 
drops  deposited  by  fogs  on  terrestrial  bodies  resemble  those 
of  dew,  tnere  is,  however,  this  difference  between  them,  that 
fog  wets  all  bodies  indifferently,  whilst  dew  attaches  itself 
in  preference  to  some  of  them.  When  the  dew  is  formed, 
it  often  disappears  very  quickly,  if  the  wind  rises  or  the 
atmosphere  is  disturbed. 

2d.  Dew  is  deposited  in  preference  on  bodies  not  pro* 
tected  by  shelter.  Put  into  the  open  air  two  similar  locks 
of  wool,  but  place  a  piece  of  cloth  a  few  yards  above  one  of 
them,  and  vou  will  nnd  that  it  will  be  covered  with  a  less 
quantity  of  dew  than  the  other.  The  piece  of  cloth  acta 
less  as  a  roof,  than  because  it  prevents  the  lock  from  sub- 
tending  an  eoually  laige  portion  of  the  sky.  "Wells  proved 
it  by<tne  following  experiment.  He  pla^  a  lock  of  wool 
in  the  middle  of  an  open  cylinder,  three  decimetres  in 
diameter,  and  seven  hign,  wluch  he  placed  vertically ;  this 
lock  was  charsed  with  a  less  quantitv  of  dew  than  was 
another  expc»ed  freely  to  the  air  on  all  sides.  There  also 
^lls  more  dew  in  the  open  country  than  in  cities,  where 
houees  conceal  a  portion  of  the  sky. 
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dd.  All  things  else  being  equal,  certain  bodies  ftre  BOCfOjet 
covered  with  dew  than  certain  others;  plants  are  more 
wetted  than  the  earth ;  sand  sooner  than  a  trodden  soO ; 
glass  sooner  than  metals ;  chips  sooner  than  a  piece  of  wood. 

4th.  When  circumstances  are  fayonrable,  dew  is  de- 
posited daring  the  whole  of  the  night ;  and  not,  as  ancient 
philosophers  stated,  only  in  the  morning  and  evening. 

5th.  The  most  abundant  dews  are  observed  on  coasts. 
In  the  interior  of  large  continents,  and  particularly  in  the 
interior  of  Asia  and  Africa,  they  are  almost  nothmg,  and 
only  fall  in  the  neighbourhood  of  rivers  and  lakes. 

Without  stoppmg  at  the  different  hypotheses,  which 
have  been  given  on  the  formation  of  dew,  I  will  lay  down 
Wens's  opinions  on  the  subject.  Dew  is  an  effect  of  the 
fall  of  temperature  in  the  strata  of  air  in  contact  with  the 
soil.  When  the  latter  is  heated  during  the  day,  the  vapoun 
rise ;  and  when  towards  evening  the  u)rce  of  the  ascending 
current  begins  to  diminish,  they  fall  again  toward  the  earth, 
without  the  air's  being  saturated.  After  sunset,  and  when 
the  weather  is  calm  and  the  sky  serene,  the  soil  radiates 
and  its  temperature  descends  several  d^ees  below  that  of 
the  contiguous  stratum  of  air,  of  a  few  &cimetres  in  thick- 
ness. Then  the  phenomenon  of  the  precipitation  of  vapour 
on  a  cold  glass,  when  brought  into  a  heated  room,  takes 
place  on  a  mud  scale,  and  me  grass  is  covered  with  dew. 
This  fall  of  temperature  always  precedes  the  formation  of 
dew.  The  more  notable  it  is,  the  more  abundant  is  the 
dew,  for  equal  quantities  of  vapour  of  water  contained  in 
the  air.  Affriculturists  also  very  well  know  that  nights 
with  heavy  dews  are  veiy  cold ;  but  this  cold  is  the  cause, 
and  not  the  effect  of  the  dew.  Evety  thing  which  opposes 
radiation,  a  screen  either  above  or  beside  the  object,  for 
instance,  prevents  the  formation  of  dew.  Plants  placed 
beneath  a  tree  are  mudi  less  wetted  than  others.  This 
cooling  taking  place  chiefly  in  the  neighbourhood  of  the 
soil,  we  can  conceive  that  objects  are  less  wetted  by  dew,  as 
they  are  farther  from  the  earth.  Every  thing  proves  that 
an  elevation  of  a  few  inches  above  the  surface  of  the  soU,  is 
quite  sufficient  to  produce  great  differences.  Radiation 
having  but  little  intensity  when  the  sky  is  douded,  there 
is  no  dew.  It  is  the  same  when  there  is  wind ;  for  then 
the  cold  strata  of  air,  that  are  in  contact  with  the  soil,  are 
constantly  replaced  and  driven  away  by  others,  whose  tem- 
perature is  higher. 

All  circumstances,  that  favour  radiation,  equally  con- 
tribute to  the  foimation  of  dew.    A  body,  tlmt  is  a  good 
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radiator  and  a  bad  conductor  of  heat,  will  therefore  be  co- 
vered with  a  very  abundant  dew.  Thus  glass  becomes  wet 
sooner  than  the  metals ;  organised  bodies  are  wetted  more 
quickly  than  glass,  especially  when  they  are  in  small  frag- 
ments ;  because,  as  the  heat  passes  with  difficulty  from  one 
to  the  other,  that  which  is  lost  is  not  replaced  by  that  which 
is  transmitted  from  the  interior  to  the  surface  of  the  body. 
Thus  locks  of  wool  are  very  well  suited  to  these  experiments, 
and  become  covered  with  a  very  abundant  dew. 

The  moister  the  air  is,  all  other  things  being  equal,  the 
more  considerable  is  the  quantity  of  dew  uiat  falls  in  a  given 
time.  Thus,  it  is  entirely  wantmff  in  arid  deserts,  notwith- 
standing the  intensity  of  nocturnal  radiation.  In  our  coun- 
tries, mghts  with  abundant  dews  mav  be  considered  as  fore- 
telling rain ;  for  they  prove  that  the  air  contains  a  great 
quantity  of  the  vapour  of  water,  and  that  it  is  near  the  point 
of  saturation.* 

White  frost  is  produced  under  the  same  circumstances  as 
dew.  WhUe,  at  a  few  yards  above  the  earth,  the  air  is 
several  degrees  above  the  freezing-point,  the  soil  is  cooled 
by  radiation,  and  the  vapour  is  congealed  in  the  form  of 
beautiful  crystals.  This  cOolin^  is  very  hurtful  to  vege- 
tation ;  and,  during  the  serene  nights  of  spring,  the  products 
of  the  kitchen-gaxden  are  frequently  killed  by  the  cold. 
Here  asain  all  circumstances  that  oppose  radiation,  prevent 
the  cooling.  Vegetables  sheltered  by  trees  suffer  less  than 
those  that  are  not  so  protected.  A  tmn  covering  of  cloth  or 
of  straw  preserves  plants;  and  the  vine  has  often  been 
prevented  from  being  frozen  by  lighting  fires,  that  give 
much  smoke. 

In  like  manner,  as  under  the  name  of  dew  are  comprised 
all  the  drops  of  water  that  remain  attached  to  the  leaves  of 
plants,  so  also,  under  that  of  hoar-frost,  are  comprised  the 
aqueous  precipitations,  which  assume  the  form  of  snow. 
Tlese  precipitatioiis  may  be  formed  in  different  ways. 
When  south  winds  succeed  to  continuous  cold,  and  the 
thermometer  rises  almost  to  freezing-point,  vapours  are 
precipitated  in  the  solid  form;  stone  buildings  are  quite 
white,  and  the  branches  of  trees  are  covered  vrith  beautiM 
cr^tals.  This  form  of  white  frost,  which  is  observed  in  our 
climates  every  winter,  is  veiy  frequent  in  the  polar  r^ons 
during  the  winter  seasons.  The  rigging  of  ships  is  then 
adorned  with  sparkling  fringes  and  regular  crystallization, 
which  sailors  have  called  beards, 

*  Vide  H.  AiAoo*a  Notics  on  Cow  {Annmaire  du  Bureau  dts  Longitudes, 
1827;  pp.  i6S-»196). 
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The  ancient  chemists  thought  that  they  recognised  in  dew- 
water  celestial  principles ;  it  is  of  creat  punty,  only  con- 
taining a  little  more  carbonic  acid  than  rain-water.  In  its 
contact  with  ▼^;etable8,  it  becomes  charged  witii  organic 
principles.  For  a  long  time,  certain  dews  were  suppowd  to 
contain  foreign  substances,  and  to  be  hurtful  to  vegetation. 
They  were  Cfuled  honey'Whiie  or  imOer  {UomgthaUy  MehUhauy 
Germ.)  They  are  both  sugar  secretions,  hurtful  to  veeetables, 
and  to  the  animals  that  leed  on  them.  Thus,  in  tne  years 
1556  and  1669,  there  was  in  Switzerland  a  great  murrain; 
but  Scii«achBer,  who  studied  it,  suspected  then  that  this 
substance,  that  covered  the  plants,  aid  not  fall  from  the 
sky.  After  him,  iie«he  shewed  that  the  aphides,  which 
often  collect  there  in  great  quantities,  are  tne  immediate 
cause  of  these  pathological  secretions.  This  matter  is  se- 
creted from  two  openings,  at  the  posterior  part  of  the  animal ; 
if  it  is  not  collected  eitner  by  the  bees  or  the  ants,  it  is  dis- 
solved in  the  dew,  and  falls  on  the  lower  leaves.  It  is  also 
probable  that  this  sugary  matter  is  due  to  the  decomposition 
of  the  vegetable  juices,  analogous  to  that  bv  which  starch  is 
converted  into  suflnr  in  the  manufacture  of  beer. 

ON  FOa. — ^When  the  vapour  of  water  is  precipitated  in 
the  atmosphere,  the  transparency  of  the  air  is  disturbed ; 
and  this  aqueous  precipitation  takes  the  name  of  fog,  when 
it  is  on  the  surface  oi  the  earth,  and  of  cloud,  when  it  re- 
mains suspended  at  a  certain  height  in  the  atmosphere.  So 
the  traveller,  who  joumevs  to  the  summit  of  a  high  moun- 
tain, complains  that  the  iog  intercepts  his  view ;  whilst  the 
inhabitant  of  the  plains  says  that  the  summit  of  the  said 
mountain  is  enveloped  in  clouds. 

VB8IOXAB  OF  Foas.  ~  Examined  bv  a  lens,  the  fo^  is 
composed  of  small  opaque  bodies.  A  close  investigation 
shews  that  these  small  bodies  are  composed  of  water.  Obe- 
dient to  the  laws  of  universal  gravitation,  the  molecules  of 
water  are  grouped  into  the  form  of  spherules,  analogous  to 
those  of  mercury  poured  into  a  porcelain  saucer,  or  water 
at  the  bottom  of  a  glass  smeared  with  grease.  Are  these 
spherules  ftdl  or  emptj?  On  this  question  meteorologists 
are  divided.  The  opmion  put  forth  some  time  ago  by 
Halteyr^  that  these  spherules  are  hoUow,  and  that  the  water 
only  serves  as  an  envelope,  appears  to  have  a  better  founda- 
tion than  any  other.  Ilowever,  it  is  probable  that  they  are 
mixed  with  a  great  quantity  of  drops  of  water ;  in  the  se- 
quel, we  shall  use  the  terms  vedctdar  vapour,  vesicular  fag, 
to  designate  this  particular  condition  of  tne  vapour  of  water. 
The  researches  of  De  Saussure  and  Kratsenstein  give 
great  weight  to  this  opinion.    Take  a  cup,  filled  witn  a 
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liqnid  of  a  deep  colour,  such  as  coffee,  or  Indian  ink  dis- 
solved in  water ;  warm  it,  and  place  it  in  the  sun  or  in  a 
light  place :  if  the  air  is  tranquil,  the  vapour  ascends  and 
soon  oisappears ;  if  it  is  observed  through  a  lens,  globules 
of  various  thicknesses  will  be  seen  to  ascend  from  the  sur- 
face of  the  liquid.  De  Satusnre  adds  that  the  little  ve- 
sicles that  rise  differ  so  much  from  those  that  fall,  that  it  is 
impossible  to  doubt  the  former  being  hollow. 

The  manner  in  which  these  bodies  conduct  themselves 
with  light,  is  no  less  favourable  to  this  opinion;  they  do 
not  present  that  scintillation  which  is  observed  in  tail  drops 
when  exposed  to  a  strong  lisht.  Moreover,  true  rainbows 
are  never  observed  on  ctouds,  although  the  spectator,  the 
cloud,  and  the  sun  may  be  often  in  the  relative  positions  most 
fifcvourable  to  the  production  of  the  phenomenon;  this  would 
not  be  the  case  if  clouds  were  composed  of  drops  of  water. 

Kratsenstein  made  a  still  more  convincing  observation, 
which  few  authors  have  taken  into  consideration.  The 
bubbles  formed  with  soap-water  are  often  ornamented  with 
the  most  beautiful  colours.  Colours  are  also  observed  on 
bubbles  formed  of  viscous  substances;  and  they  may  be 
studied  with  the  greater  facility,  as  they  last  a  considerable 
time.  A  bubble  of  this  kind,  placed  on  black  pitch  or 
melted  glass,  shews,  at  its  upper  part,  a  black  or  a  coloured 
spot,  surrounded  by  a  certam  number  of  coloured  rinss. 
These  colours  are  derived  from  the  incident  raj^s  being  di- 
vided into  two  portions.  Some  are  reflected  bv  the  anterior 
surfkce ;  others  traverse  it,  but  are  partly  reflected  by  the 
posterior  surface.  The  eye,  therefore,  receives,  almost  in 
the  same  direction,  two  classes  of  reflected  rays,  some  from 
the  anterior,  others  from  the  posterior  surface.  These  rays, 
being  variously  coloured,  react  on  each  other,  and  are  neu- 
tralised ;  but  some  of  the  colours  of  the  spectrum  remain 
isolated;  and  it  is  not  white,  but  coloured  light,  which 
reaches  the  eye.  I  shall  not  examine  in  this  place  the 
causes  and  the  laws  of  the  phenomenon;  but  I  would  merely 
remark  that  the  envelope  of  the  sphere  must  be  very  thin, 
in  order  that  these  appearances  may  be  produced,  and  that 
they  are  intimately  connected  with  the  thickness  of  this 
envelope.  In  soap-bubbles,  these  appearances  change  every 
moment;  because  the  water  which  nms  on  the  bubble, 
and  evaporation  every  moment,  vary  the  thickness  of  the 
envelope.^  In  like  manner,  the  colours  of  a  film  of  mica 
change  every  moment,  when  it  is  pressed  between  the  fingers, 
because  the  thickness  of  the  film  of  air,  which  separates  the 
different  films,  never  remains  the  same. 

*  VHc  Note  e,  Appendix  Ko.  n. 
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To  study  these  optical  effects,  Newton's  process  is  the 
best.  Take  a  piece  of  very  level  glass,  and  on  it  place  a 
convex  lens  -with  a  long  focus ;  on  looking  at  it,  at  a  certain 
angle,  you  will  see  coloured  rings,  the  centre  of  which 
coincides  with  the  point  of  contact  of  the  two  glasses.  If 
the  radius  of  the  curvature  of  the  lens  were  known,  the 
distance  of  the  different  points  of  the  lens  from  the  level 
mirror  may  be  calculated ;  if,  at  the  same  time,  the  colours 
are  observed,  the  thickness  necessary  to  produce  such  or 
such  a  colour  is  deduced.  Kratsenstela,  naving  examined 
in  the  sun,  through  a  magnifying  gliun,  the  vesicles  rising 
firom  hot  water,  observed  at  their  surface  coloured  rings, 
like  those  of  soap-bubbles ;  and  not  only  was  he  convinced 
that  their  structure  was  analogous  to  soap-bubbles,  but  he 
vna  also  able  to  calculate  the  thickness  of  their  envelope. 

De  Saiuiaiure  and  Kratsenatela  endeavoured  to  measure 
under  the  microscope  the  diameter  of  the  vesicles,  of  which 
the  vapour  of  water  is  composed.  It  is,  however,  difficult  to 
arrive  at  a  positive  result ;  for  the  true  object  is  to  measure 
vencles  of  fog,  and  not  those  arising  from  hot  water :  for- 
tunately some  of  the  optical  phenomena,  that  are  produced 
when  the  sun  shines  through  clouds  or  fogs,  furnish  us  with 
a  means  of  arriving  at  this  result.  I  will  hereafter  describe 
the  process  that  I  adopted,  regretting  that  it  has  not  been 
more  frequently  put  mto  practice.  I  have  made  a  gr^t 
number  of  measurements  in  Central  German  and  in  Swit- 
aerland.  I  found  that  the  mean  diameter  of  the  vesicles  of 
ibg  is  about  0'^,0224;  tiieir  diameter  varies  in  different 
seasons,  and  appears  to  be  smaller  in  smnmer;  I  find,  for 
instance,  the  following  numbers : — 

DIAMBTEBS  OF  VESICLES  OF  FOG  IN  THE  BIFrBBENT  UOVTBA 

OF  THE  TEAB. 


nun. 

January 

0,02752 

February  .... 

0,03498 

March 

0,01997 

April 

May 

0,01917 

0,01560 

June 

0,01798 

July 

0,01695 

August 

0,01402 

September . . . 

0,02244 

October 

0,02039 

November . . . 

0,02454 

December.... 

0,03490 

(FM2e  Appendix,;^.  13.) 
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A  very  regular  progression  is  seen  to  exist  from  winter 
to  summer;  for  the  anomalies  depend  on  the  insufficient 
numher  of  existing  ohservations.  So,  in  winter,  when  the 
air  is  very  moist,  the  diameter  of  the  vesicles  is  twice  as 
great  as  in  summer,  when  the  air  is  dry ;  hut  in  the  same 
month  this  diameter  also  chan^ :  it  obtains  its  fninimum 
when  the  weather  is  very  fine ;  it  increases  as  soon  as  there 
is  a  threatening  of  rain ;  and  before  it  falls,  it  is  very  un- 
equal in  the  same  cloud,  which  probably  contains  a  great 
number  of  drops  of  water,  mingled  with  the  vesicular  va- 
pour. Kratsensteln  determines  the  thickness  of  the  en- 
velope of  these  vesicles  from  the  coloured  ring,  which  he 
observed  on  their  surface ;  it  is  0™'",06. 

FORBCATION  OF  FOGB. — When  fog  becomes  visible 
any  where,  it  is  because  the  air  is  saturate  with  moisture ; 
then  only  can  the  vapour  of  water  be  precipitated  inces- 
santly for  several  hours.  It  is  important  to  msist  on  this 
circumstance;  for  Deiue,  and  some  other  philosophers,  who 
have  employed  imperfect  hygrometers,  nave  insisted  that 
the  air  is  often  very  dry,  in  regions  where  fogs  are  forming. 
The  experiments  of  De  Sanssture,  however,  prove  the  con- 
trary ;  and  I  have  convinced  myself  of  the  fact  on  the  Alps, 
and  in  different  parts  of  Germany.  An  hygrometer  sus- 
pended before  a  window  in  the  centre  of  a  city,  undoubtedly 
cannot  indicate  the  degree  of  saturation  during  the  times  of 
a  fog;  but  this  occurs,  because  the  instrument  is  warmed 
by  the  walls  of  the  building:  and  even  this  anomaly 
eventually  disappears,  when  Uie  fog  remains  for  several 
hours. 

The  curcumstances  amid  which  fog  forms,  are  often  very 
different  from  those  which  accompany  dew.  When  the 
latter  is  deposited,  the  soil  is  always  colder  than  the  air; 
when  fog  occurs,  the  contrary  is  the  case :  the  moist  soil  is 
warmer  than  the  air ;  and  tne  vapours  tiiat  ascend  become 
visible,  like  those  which  rise  from  Doiling  water,  or  like  the 
vapour  of  expired  air,  which,  in  winter,  condenses  the  mo- 
ment it  escapes  from  the  mouth.  So,  in  autumn,  we  fre- 
quently see  foffs  above  rivers,  the  water  of  which  is  much 
warmer  than  the  air  before  sun-rise.*  ^ 

However,  the  water  and  the  soil  may  be  hotter  than  the 

*  Ft'g.  14  in  the  Appendix  deerly  ihewB  the  relative  range  of  the  tem- 
persturea  of  the  air  and  of  riven  in  the  city  of  Lyon,  situated,  aa  is  well 
known,  at  the  influx  of  the  Rhftne  and  the  8a6ne.  The  inspection  of  the 
three  curves  shews  that,  finom  the  Ist  of  November,  the  mean  temperature 
of  the  air  becomee  lower  than  that  of  the  rivers;  a  state  of  things  whioh 
ceases  about  the  1st  of  March;  now  that  intermediate  period  is  the  true 
season  of  fogs.    The  comparison  of  the  three  cprres,  of  the  epochs  ^nuuima 
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air  in  which  the  fog  is  formed ;  we  may  be  convinced  of  this 
hy  thermometric  measurements ;  for,  if  the  air  were  very 
dry,  the  vapour  of  water  would  not  be  precipitated;  it 
would  remain  in  the  elastic  state.  This  is  very  well  seen  at 
the  salt-springs  of  Halle.  In  winter,  when  the  weather  is 
dry,  there  is  visible  above  the  concentrating  apparatus  a 
column  of  vapour,  which  disappears  at  about  a  yard  above 
their  surface.  Should  the  air  become  moist,  this  vapour 
extends  afar,  and  covers  a  part  of  the  city,  although  in  both 
cases  the  temperature  is  the  same.  The  same  thing  is  ob- 
served above  springs  of  hot  water,  and  above  the  craters  of 
Tolcanos.  The  anaents  made  an  observation  respecting  the 
crater  of  Stromboli,  of  which  the  truth  may  even  be  verified 
in  our  own  times.  When  this  volcano  is  covered  with  cloud, 
the  inhabitants  of  the  Lipari  Isles  know  that  it  will  soon 
rain :  but,  as  we  well  know,  this  is  not  because  the  volcano 
is  more  active  before  rain;  it  is  because  the  air,  already 
saturated  with  the  vapour  of  water,  cannot  dissolve  that 
which  escapes  from  the  crater.  The  inhabitants  of  HaWa 
also  pn^osticate  rain  when  the  vapour  of  the  salt-springs 
covers  their  dty ;  and  yet  the  processes  of  concentration  are 
not  different,  as  changes  of  weather  approach. 

The  formation  of  f<M^  is  often  accompanied  with  circum- 
stances which  it  IB  at  first  difficult  to  explain.  When  the 
dkj  18  cloudy,  a  local  fog  is  often  observed  on  the  dedivity 
of  mountains,  occupying  only  a  small  surface :  this  fog  is 
soon  dissipated,  but  appears  affain  immediately.  I  was  once 
able,  near  Wiesbaden,  to  analyse  the  circumstances  of  this 
singiilar  phenomenon ;  after  a  heavy  rain,  which  had  pene- 
trated the  soil,  tiie  clouds  opened,  the  sun  appeared,  and  I 
saw  a' column  of  fog  constantly  rising  from  tne  same  point. 
I  ran  towards  it;  it  was  a  mowed  meadow,  surrounded  by 
pasturage,  covered  with  very  high  grass,  which,  by  getting 
less  heated  than  the  mowed  surface,  gave  rise  to  a  less 
active  evaporation.  In  Switzerland  the  phenomena  occurs 
on  a  mucn  grander  scale;  whilst  the  very  finest  weather 
prevailed  on  the  Faulhom,  the  lakes  of  Switzerland  were 
covered  with  foffs  of  very  various  densities;  that  which 
concealed  the  lakes  of  Zug,  Zurich,  and  Neuch&tel,  was 
very  thick,  whilst  the  lakes  of  Thim  and  of  Brienz  were 

■ad  miiUmot  and  of  the  very  unequal  amplitudes  which  they  present  flrom 
vlnter  to  aununer,  offers  more  than  one  interesting  problem  for  solution ; 
Imt  this  study  enters  rather  into  the  domain  of  physical  geography.than  into 
tlwt  of  meteorology. 

It  is  to  the  kindnoM  of  Professor  Vovmmn  that  the  translator  owes  the 
communication  of  these  three  curres.  They  are  the  result  of  obsnrations 
fDllowed  out  by  the  philosopher  for  four  oonsecutire  years.— M. 
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scarcely  covered  with  a  light  vapour.  This  phenomenon 
recurred  so  frequently  that  it  was  impossible  for  me  to 
attribute  it  to  cnance.  The  Uke  of  Zug  is  very  deep,  and 
its  feeding  streams  do  not  come  directly  from  the  re- 
gion of  eternal  snows.  The  temperature  must  be  higher 
wan  that  of  the  lake  of  Brienz,  into  which  the  Aar  is 
precipitated  immediately  after  having  quitted  the  gla- 
ciers of  Grimsel.  Thus  more  vapour  is  raised  from  the 
lake  of  Zug  than  from  that  of  Bnenz ;  and,  at  equal  tem- 
peratures, the  former  is  more  easily  covered  with  fog  thao 
the  latter. 

In  countries  where  the  soil  is  moist  and  hot,  and  the  air 
moist  and  cold,  thick  and  frequent  fogs  may  be  expected. 
This  is  the  case  in  £ngland,  the  coasts  of  which  are  washed 
by  a  sea  at  an  elevatS  temperature.  The  same  is  the  case 
with  the  polar  seas  of  Newfoundland,  where  the  gulf- 
stream,  which  comes  from  the  south,  has  a  higher  tem- 
perature than  that  of  the  air. 

In  London,  fogs  have  sometimes  an  extraordinary  den- 
sity. Every  year,  we  frequently  read  in  the  newspapen 
that  they  have  been  obliged  to  light  the  gas  in  the  middle 
of  the  day,  in  the  streets  and  houses.  To  take  one  case,  for 
the  sake  of  example.  On  the  24th  of  February,  1832,  the 
fog  was  so  thick  that,  in  mid-day,  people  in  the  streets  could 
not  see  dirtinctly;  and,  in  the  eveninff,  the  town  having 
been  illnniinated,  to  rejoice  at  the  birthday  of  the  Queen, 
boys  went  about  with  torches,  saying  that  they  were  look- 
ing for  the  illumination.  Analogous  fogs  are  recorded  as 
having  occurred  in  Boris  and  in  Amsterdam ;  and  sometimes, 
at  a  httle  distance  from  these  cities,  the  sky  was  perfectly 
serene.  Should  we,  in  these  cases,  admit  that  the  tempera- 
ture of  the  air  has  merely  been  troubled  by  vesicular 
vapour  P  I  doubt  it,  and  think  that  smoke,  especially  that 
frooL  coals,  plays  here  a  very  notable  part.  If  incandescent 
eharcoal-dust  is  allowed  to  cool  m  vacuo,  and  is  then  imme- 
diately placed  in  a  globe  containing  any  gas,  this  gas  is 
absorbed,  especially  if  it  be  charged  with  vapour  of  water. 
The  carbon  increases  even  sensibly  in  weight,  so  that  fifty 
kilogrammes  of  incandescent  charcoal,  when  exposed  to  the 
open  air,  will  weiffh,  at  the  end  of  several  days,  105  to  107 
kilogrammes.  This  fact  is  well  known  in  manufactories  of 
gunpowder.  In  escaping  from  the  chimney,  therefore,  the 
particles  of  carbon  must  absorb  air,  and  increase  in  weight. 
However,  the  wind  will  carry  them  some  distance  before 
they  fall  to  the  earth  ;  but  if  the  air  is  moist  and  calm,  as  is 
the  case  in  time  of  fog,  the  specific  weight  of  the  particles 
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rapidly  increases,  they  mix  with  the  fog,  and  are  difPiised 
"With  it  into  the  neighbourhood. 

It  is  useless  to  remark  that  fog  cannot  possibly  form 
"when  the  air  is  veiy  dry.  It  is  never  observed  in  deserts. 
TravellerB  have  often  considered  as  such  the  clouds  of  sand 
raised  by  the  wind.  Dry  fop  are  also  mentioned  in  our 
dimates ;  but  smoke,  of  which  we  shall  speak  presently, 
or  douds  of  dust,  are  ooncemed  in  this ;  for  if  the  definition 
which  we  jzave  of  this  hydrometeor  be  remembered,  the  ex- 
pression of  dry  fog  contains  a  contradiction. 

Hitherto  we  have  considered  that  the  vapour  of  water  is 
precipitated  into  the  stratum  of  air,  placed  immediately  above 
the  liquid,  on  which  it  is  developed ;  this  vapour  may,  how« 
ever,  be  transported  by  the  winds  into  colder  countries,  and 
be  transformed  into  fog  at  a  notable  distance  from  its  place 
of  origin,  or  else  the  sudden  lowering  of  temperature  deter- 
mines the  formation  of  fogs,  in  the  sameplaoe  where  tiie 
Tapour  of  water  is  raised  from  the  soil.  These  phenomena 
are  often  observed  during  the  winter  in  Germany.  The 
S.W.  winds  bring  hither  abundance  of  vapours;  or  else  the 
N.£.  wind  beginning  to  blow,  instantly  predpitalea  the 
Tapour  of  water  suspended  in  the  atmosphere.* 

OLOVBS  ON  itouivTAXNfl.>-Fog8,  formed  of  vapours 
bronght  from  a&r,  are  common  in  mountains ;  even  in  coun* 
tries  where  it  rains  but  very  rarely,  where  the  sky,  conse* 
qnently,  is  almost  always  serene,  the  elevated  summits  of 
mountains  are  seen  to  be  envdoped  in  thick  clouds :  this  is 
observed  in  the  interior  of  Asia  and  of  Africa.  When  « 
moist  wind  determines  an  ascending  current  along  the  rides 
of  a  mountam,  it  at  last  reaches  atmospheric  stoita,  whose 
tem]jeratuxe  is  such  that  the  vapour  of  water  is  instantly 
precipitated.  This  is  espNecially  the  case  when  opposite 
winds  meet  on  the  summit.    I  have  oft^  witnessed  these 

Ehenomena  on  the  Alps.  I  will  content  myself  with  re- 
tting in  detail  the  following  fkct.  A  very  strong  south 
wind  was  blowing  on  the  summit  of  the  Rigi,  and  the  clouds 
that  were  passing  at  a  mat  height  above  my  head  followed 
the  same  dizection.  The  north  wind  was  blowing  at  Zurich, 
and  ascended  along  the  southern  flank  of  the  mountain. 
When  it  attained  the  summit  light  vapours  were  formed, 
which  seemed  desirous  of  passing  over  the  ridge ;  but  the 

*  In  ft  recent  memoir,  M.  Psltibb  has  studied  fbgs  In  an  electrical  point 
cf  Tlew.  Be  distingulAeB  —  1  st,  Simple,  or  non-elecUical  fogs :  2d,  Electrl- 
eal  Ibgs.  These  are  sometimes  restnous,  but  more  frequently  yitreous.  M. 
PiLTisa  explains  the  electrical  state  of  these  fogs  by  the  combined  influence 
of  the  earth  and  of  the  upper  regions  of  the  atmospnere. — Mhn.  da  Savantt 
Etranger*  de  PAcadfmie  de  Brtuceilet,  t.  xr.  3d  partle. 
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south  wind  drove  them  back,  and  they  ascended  toward  the 
north  at  an  angle  of  45°,  and  disappeared  not  far  from  the 
ridge.  The  conflict  of  the  two  contrary  currents  lasted 
several  hours.    A  great  many  whirls  were  formed  at  the 

Eoint  where  the  two  winds  met ;  and  travellers,  who  took 
ttle  notice  of  the  rest  of  the  meteorological  phenomena, 
were  struck  vrith  this  singular  spectacle.* 

When  a  chain  of  mountains  is  looked  at  from  a  distance, 
a  cloud  is  often  seen  attached  to  each  summit,  whilst  the 
intervals  are  perfectly  clear.  This  appearance  remains  for 
hours,  and  even  entire  days.  But  this  immobility  is  only 
imaginary;  for,  on  these  summits  there  often  prevails  a 
violent  wind,  which  condenses  the  vapours  as  they  ascend 
along  the  flsjiks  of  the  mountain ;  when  they  are  fiir  from 
the  summits  they  do  not  fail  to  dissipate.  De  Saiosmire  often 
observed  this  phenomenon  on  the  Alps ;  and  M.  d«  Bueli| 
who  explained  it,  says  that,  in  the  passages  of  the  Alps  the 
formation,  the  movements,  and  the  disappearance  of  clouds, 
form  a  sight  as  various  as  it  is  interesting. 

Dark  clouds,  as  they  pass  rapidly  over  the  Hospice  of  St. 
Gothaid,  often  precipitate  themselves  in  thick  masses  in  the 
deep  Rorge  of  the  vale  of  Tremola.  We  might  fancy  that» 
in  a  lew  moments,  the  whole  of  Lombardy  would  be  buried 
in  a  thick  fo^ ;  but,  at  the  exit  of  the  vale  of  Tremola»  it 
has  become  dissolved  by  the  hot  ascending  currents. 

ciiOUDS. — ^It  might  seem  that  all  daiuiflcation  would  be 
impossible,  in  considering  the  forms,  the  appearances,  and 
the  very  varied  dispositions  of  clouds.  However,  many  me- 
teorolo^sts  have  endeavoured  to  associate  them  under  cer- 
tain prmdpal  types.  These  types,  important  in  themselves, 
are  especially  so  when  they  are  connected  with  anterior 
atmospneric  modifications ;  and  thev  furnish  us  with  pre- 
cise indications  on  the  changes  about  to  occur  in  the 
weather. 

We  have  as  yet  merely  admitted  that  clouds  are 
composed  of  the  vapour  of  water.    However,  when  we 

*  CloadB  which  Mcend  along  the  declivitiet  of  mountaini  duriiig  the  day, 
hy  virtue  of  the  diunuJ  Mcending  cttrrenti,  flrequently  dlMolre  when  they 
attain  the  aununita,  under  the  influence  of  an  upper  wind,  which  ia  com- 
paratirely  dry  and  hot.  Thia  effect  ia  moat  senaihle  in  the  evening.  North- 
eaat  and  north  alopea  begin  to  experience  the  action  of  the  solar  raya ;  the 
aacending  hue  attalna  the  line  of  the  ri<^.  If  the  upper  wind  cornea  flmn 
the  south  or  the  aouth-weat,  which  very  frequently  happena  on  high  monn- 
taina,  it  meeta  this  haxe,  nartly  diasolrea  it,  and  throwa  back  towards  the 
north  the  undiaaolved  partldea.  Thia  phenomenon  Is  more  readily  obeerved 
on  hilla,  at  the  summit  of  the  ravines,  by  which  they  are  permei^ed.  The 
haze  then  appears  to  travel  to  meet  the  wind,  and  yet  the  surface  which 
terminates  it  on  the  side  remains  8tationai7. — M. 
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reflect  that  they  float  sometimes  in  regions  whose  temperature 
is  many  degrees  below  zero,  we  can  imagine  that  they  may 
be  composed  of  frozen  particles.  In  winter,  during  severe 
cold,  we  can  often  observe  that  the  vapours  which  rise  are 
composed  of  brilliant  needles,  that  glisten  in  the  sun  and 
resemble  small  flakes  of  snow.  The  same  thing  must  take 
place  in  the  higher  regions  of  the  atmosphere.  There  exist, 
therefore,  snow  clouds  and  clouds  of  vapour  of  water.  We 
will  presently  make  known  the  characters  which  may  serve 
to  distinguish  them,  and  we  shall  see  that  this  distinction  is 
important  for  explaining  a  great  number  of  atmospheric 
phenomena. 

Howard  distinguished,  according  to  their  forms,  three 
sorts  of  clouds — tne  cirrus.,  the  cttmtdusy  and  the  stratus^  to 
which  four  forms  of  transition  were  attached,  viz.  ctrro* 
cumtdusy  cirrO'StraiuSi  cttnudo'^atusy  and  nimhus. 

The  cirrus  (the  cats-tail  of  sailors,  or  the  S.W.  clouds  of 
the  Swiss  peasants  [vide  plate  m.])  is  composed  of  thin  fila- 
ments, the  asBodation  of  which  sometimes  resembles  a  brush, 
«t  other  times  woolly  hair,  and  at  times  slender  net-work. 

The  cumuhu  or  summer-doud  (ball  of  cotton  of  sailors) 
firequently  presents  itself  in  the  form  of  a  hemisphere,  rest- 
ing on  an  norizontal  base.  Sometimes  these  hemispheres 
are  built  one  upon  the  other,  and  form  those  great  clouds 
which  accumulate  on  the  horizon,  and  resemble  at  a  distance 
mountains  covered  with  snow. 

The  stratus  is  an  horizontal  band,  which  forms  at  sun-set, 
and  dinppears  at  sun-rise.  Under  the  name  of  ctrro-ctimu- 
hsj  Howard  designates  those  little  rounded  douds  which 
are  often  called  woolly  douds:  when  the  sky  is  covered 
-with  them,  it  is  said  to  he  fleecy. 

The  cirro'Stratus  is  composed  of  little  bands  of  filaments 
more  compacted  than  those  of  the  cirrus ;  for  the  sun  has 
sometimes  a  difficulty  to  pierce  them  with  his  rays.  These 
clouds  form  horizontal  strata,  which,  at  the  zenith,  seem 
composed  of  a  great  number  of  thin  clouds ;  whilst  at  the 
horizon,  when  we  see  the  vertical  projection,  a  long  and 
very  narrow  band  is  visible. 

When  the  cumulus  douds  are  heaped  together,  and  be- 
eome  more  dense,  this  species  of  cloud  passes  into  the  condi- 
tion of  cutmdo'StratuSj  which  often  assume,  at  the  horizon,  a 
black  or  a  bluish  tint,  and  pass  into  the  state  of  nimbus  or 
rain  doud.  The  latter  is  mstinguished  by  its  uniform  grey 
tint,  and  its  IHnged  edges ;  the  clouds  of  which  it  is  com- 
posed are  so  compounded  that  it  is  impossible  to  distinguish 
them. 
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Though  it  be  easy  to  distinguish  these  clouds,  when  their 
forms  axe  well  characterised,  it  is  often  a  very  difficult  mat- 
ter to  designate  accurately  certain  forms  of  transition ;  and 
one  observer,  for  example,  will  call  cirro-stratus^  what  ano- 
ther would  designate  under  the  head  of  cumido'Stratu,  I 
have  nven  the  most  remarkable  aj^pearances  in  plate  ux. 

Aner  a  continued  period  of  fair  weather,  and  when  the 
barometer  slowly  b^pins  to  fall,  well-characterised  cirri 
often  appear  under  tne  form  of  slender  filaments,  whose 
whiteness  contrasts  with  the  azure  of  the  sky.  At  other 
times  they  are  arranged  in  parallel  bands,  scarcely  yisible^ 
and  which  are  direct^  from  the  S.  to  the  IS^  or  from  S.W. 
to  the  N.E.'^  Sometimes  they  separate,  and  resemble  the 
floating  tail  of  a  horse.  In  Gennany  these  clouds  are  known 
iinder the  name  of  wind-trees  {Windsbaume).  These  fila- 
ments are  also  seen  to  cross  each  other  in  yarious  ways. 
These  clouds  frequently  resemble  carded  cotton,  and  pass 
into  the  state  of  cirro-ctanuku  and  cirro^stratiu*  The  white 
oolour,  by  which  they  are  characterised,  does  not  always 
permit  thdr  structure  to  be  recognised,  or  their  transforma* 
tions  to  be  followed ;  but  by  means  of  the  mirrors  of  black- 
ened glass,  which  landscape-painters  use,  this  may  be  ma- 
naged with  the  greatest  facility.  The  eye  is  not  dazzled^ 
and  the  doud  ^ected  in  the  glass  may  be  studied  at 
leisure. 


*  The  toodenoy  which  the  cirri  hare  to  arrange  themselvee  in  banda 
parallel  to  each  other  la  remarkable ;  and  it  prores  that  the  eavae  which 
dlxeots  their  filamenta  to  one  aiimuth  rather  than  another,  inetead  of  being 
merely  local  and  accidental,  extends  to  great  distances. 

By  a  well-known  law  of  perspectire,  parallel  bands  ought  to  appear  di« 
verging  from  one  point  of  the  norizon,  and  oonTeralng  at  the  point  <tf  tha 
hoiiBOD  diametricelly  opposite.  The  obserration  of  these  points  of  oonyer- 
genoe  greatly  fiM^litates  the  knowledge  of  the  direction.  The  obserrations 
that  I  made  with  M.  BaATAis,  on  uie  Faalhom,  prove,  agreeably  to  M. 
KasKTZ's  obserrations,  that  the  predominant  direction  is  that  of  the  S.W. 
to  N.E.  The  meteorological  renters  of  the  members  of  the  Commission  of 
the  North,  who  wintered  in  Lapland,  give  a  slightly  different  direetioo 
merely :  fimn'W.  k  8.W.,  to  E.  ^  N.E.  BforeoTer,  the  phenomenon  oooim 
more  frequently  thwe  than  in  the  temperate  aones. 

At  the  equator,  M.  db  Hciiboij>t  found  that  the  parallel  bands  were  ge- 
nersJly  directed  from  N.  to  S. 

The  cause,  which  thus  arraagea  the  great  axes  of  these  ckuds,  according 
to  parallel  lines,  is  stili  unknown.  Fobstss  was  the  first  who  made  the  very 
Just  remark  that  these  clouds  almost  always  travel  along  a  parallel  to  their 

rKt  axi^  which  greatlv  contributes  to  render  them  apparently  motionlesa. 
Bkavau,  without  being  aware  of  FoasTsa's  observations,  arrived  at  tha 
■ame  conclusion.  ICany  meteoroIogisU  (Howaan,  Foasm,  PsLTiKa)  seem 
to  believe  that  the  etrr^  serve  as  conduotors  between  two  distant  fool  of  alee- 
trioity,  of  opposite  names,  the  fluids  of  which  tend  to  combine,  and  that  tha 
flezibuity  01  the  conducting  clouds  terminatee  in  the  rectilinear  ibnn,  which 
la  necessitated  by  tlie  condition  <tf  the  shortest  path  frtm  one  fbcus  to  the 
other.— M. 


ciioupa.  119 

The  cirri  are  the  most  elevated  clouds :  it  is  difficult  to 
detennine  their  height.  Measures  made  at  Halle  have  often 
led  me  to  assign  to  them  a  height  of  6500  metres.  TVarel- 
lers,  who  have  passed  over  hish  mountains,  are  unanimous 
in  asserting  that,  from  the  highest  summits,  their  appearance 
is  the  same.  During  a  stay  of  eleven  weeks  within  sight  of 
Finsteraarhom,  the  elevation  of  which  is  4200  metres,  I 
never  observed  any  cirri  below  the  summit  of  that  moun- 
tain. It  is  among  the  cirri  that  halos  and  parhelia  are 
formed;  and  on  studying  these  douds,  by  means  of  the 
blackened  mirror,  it  is  a  rare  case  not  to  find  in  them  traces 
of  halos.  These  phenomena  being  due  to  the  refraction  of 
Ijght^  frozen  particles,  we  may  conclude  that  the  cirri  are 
themselves  composed  of  flakes  of  snow  floating  at  a  great 
height  in  the  atmosphere.  Observations,  continued  for  ten 
years,  have  convinced  me  of  the  truth  of  this  assertion ;  and 
1  know  of  no  observation  tending  to  prove  that  these  clouds 
are  composed  of  vesicles  of  water.  We  may  feel  asto- 
nished, no  doubt,  that  in  summer,  when  the  temperature 
iQrequently  attains  25°,  the  clouds,  which  float  above  our 
heads,  aze  composed  of  ice;  but  the  doubt  will  disappear 
when  we  reflect  on  the  decrease  of  temperature  with  height* 
During  one  of  those  hot  days,  when  ram  falls  on  the  plams, 
this  ram  is  snow  on  the  summits  of  the  Alps. 

The  appearance  of  cirri  often  precedes  a  change  of  wea- 
ther. In  summer,  they  announce  rain ;  in  winter,  frost  or 
thaw.  Even  when  the  vanes  are  turned  towards  the  norths 
these  clouds  are  often  carried  along  by  S.  or  by  S.W.  winds;. 
and  the  latter  are  soon  felt  also  at  the  surface  of  the  earth. 
We  can  admit  that  these  clouds  are  brought  by  the  south 
winds,  which  detennine  the  Ml  of  the  but>meter,  and  the 
vanours  of  which  are  precipitated  in  the  form  of  rain.  Such 
at  least  is  Mr.  Dove's  theory :  it  justifies  the  denomination 
under  which  the  Swiss  peasants  have  designated  this  class  of 
clouds. 

When  the  S.W.  wind  prevails,  and  extends  to  the  lower 
regions  of  the  atmosphere,  the  cirri  also  become  more  and 
more  dense,  because  the  air  is  moister.  They  then  pass  into 
the  condition  of  cirrO'Siraius^  which  first  appear  under  the 
form  of  a  mass  like  carded  cotton,  the  filaments  of  which 
are  closely  interlaced,  and  they  gradually  take  a  greyish 
tint ;  at  the  same  time  the  cloud  seems  to  set  lower,  and 
yesicular  vapour  is  formed,  which  fails  not  to  he  precipitated 
in  the  form  of  rain. 

^  The  same  meteorological  circumstances  sometimes  deter- 
mine the  formation  of  light  drro'cumuhu^  which  are  entirely 
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composed  of  yesicolar  vapour.  They  do  not  weaken  the 
light  of  the  sun,  for  it  passes  through  them ;  and  M.  de 
Htunboidt  has  often  been  able  to  see  through  these  clouds 
stars  of  the  fourth  maffnitude,  and  even  to  recognise  the 
spots  on  the  moon.  When  they  pass  before  the  sun  or  the 
moon,  these  bodies  are  surroundlea  with  an  admirable  corona. 
The  cirro'CUMuU  foretell  heat :  it  seems  that  the  hot  south 
winds,  which  prevail  in  the  lower  regions,  do  not  conve^r  a 
sufficient  quantity  of  vapours  to  cover  the  sky  entirely  with 
clouds,  and  that  they  only  act  by  their  elevated  tempera- 
ture. 

While  the  clouds  of  which  I  have  spoken  are  the  produce 
of  the  south  wind,  the  ctunu&'owe  their  existence  to  ascending 
currents :  their  height  varies  greatly,  but  it  is  always  less 
than  that  of  the  cirri.  The  cumuli  are  most  characteristic 
in  the  fine  days  of  summer.  When  the  sun  rises  in  a  clear 
sky,  a  few  small  clouds  may  be  seen  appearing  about  eight 
o'clock  in  the  morning,  which  seem  to  mcrease  from  ¥rithin 
outward.  They  become  thicker,  and  accumulate  to  form 
masses  clearly  circumscribed  and  limited  by  curved  lines, 
which  cut  each  other  in  different  directions.  Their  number 
and  size  increase  till  the  hour  of  greatest  heat  in  the  day. 
They  then  diminish ;  and  at  sun-set  the  sky  is  again  per- 
fectly serene :  in  the  morning  they  are  very  low,  but  they 
contmue  ascending  until  mid-day,  when  uey  a^;ain  re- 
dttcend  in  the  evening.  I  convinced  myself  of  this  by  di- 
rect measurement  and  observations  made  in  the  mountains. 
How  often  have  I  seen  the  ciffmi&'  under  my  feet  in  the 
morning!  They  then  rise:  toward  mid-day  I  was  sur- 
rounded by  clouds  for  about  an  hour,  and  the  rest  of  the 
day  I  saw  above  my  head,  clouds,  which  in  the  evening  re- 
descended  to  the  plain.* 

Cumuli  are  formed  when  ascending  currents  draw  the 
vapours  into  the  higher  regions  of  the  atmosphere,  where 

*  There  exist  a  great  number  of  meaanremeiits  of  the  height!  of  douda. 
Kazmtz  {Lekrbudk  der  Meteorologie,  1. 1,  p.  885)  relates  ■erend,  which  are 
due  to  RiocioUt  BouQUia,  DS  Humboldt,  Lambibt,  Cboitrwaits,  and  to 
hhrnelf.  The  extremes  are  400  and  6500  metres.  During  the  oruise  of  th« 
yemu,  900  and  1400  metres  were  found  on  the  Atlantic  and  the  South  Bea» 
as  the  extreme  terms.  (OonqBfet  reikku  de  FAcadinUt  det  Sckmces,  t,  xL 
p.  324.  1840.) 

M.  Pcrnxs,  staff-oflBoer,  oommunieated  to  the  Instltut,  Jsnnarr  %  1837, 
forty-eight  measures  of  the  height  of  douds,  made  in  1896,  during  the  trlan- 
gulation  that  he  executed  in  the  Pyrenees  with  M.  HossAao.  The  extremee 
for  the  lower  plane  of  clouds  were  450  and  2500  metres;  tor  the  upoer 
plane,  900  and  3000.  They  obtained  these  diffsrent  determinations  by  eld  of 
the  heights  previously  measured,  of  the  peaks  to  which  the  clouds  were  tan- 
gents by  their  superior  or  inferior  snrfhoes.  On  Sept.  39,  the  two  obserrers 
were  so  placed  ss  to  see  at  the  same  moment  the  two  opposite  surftoes  of  a 
cloud,    lu  thickness  was  450  metres.    Next  day  it  was  850.>-M. 
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the  air,  beinff  very  cold,  is  rapidly  saturated.  If  the  current 
increases  in  force,  the  vapours  and  clouds  become  more  ele- 
vated ;  but  there  they  increase  in  greater  ratio,  on  account 
of  the  reduction  of  temperature.  Hence  it  happens  that 
the  sky,  though  fine  in  the  morning,  is  entirely  clouded  at 
mid-day.  ^Vhen  the  ascending  current  relaxes  toward 
evening,  the  clouds  descend :  as,  on  arriving  into  strata  of 
air  which  are  less  heated,  they  again  pass  into  the  state  of 
invisible  vapour.  According  to  Bmammore,  the  rounded 
form  of  clouds  is  due  to  this  mode  of  formation.  Indeed^ 
when  one  liquid  traverses  another  in  virtue  of  the  resistance 
of  the  ambient  medium,  and  the  mutual  resistance  of  its 
parts,  the  former  takes  a  cylindrical  form  with  a  circular 
section,  or  one  composed  of  arcs  of  a  circle.  We  may  con^* 
vince  ourselves  of  this  by  letting  a  drop  of  milk  or  of  ink 
fiill  into  a  glass  of  water.  Thus  the  masses  of  ascending  air 
are  great  columns,  the  shape  of  which  is  defined  by  the 
douds.  Add  to  this  the  little  whirlwinds  on  the  borders  of 
the  clouds,  which  are  frequently  observed  in  mountains,  by 
means  of  the  blackened  mirror,  and  which  also  contribute 
to  ^ve  to  the  whole  rounded  forms,  analogous  to  those  of 
whirls  of  smoke  escaping  from  a  chimney. 

The  cumuh  do  not  always  disappear  toward  evening ;  on 
the  contrary,  the;^  often  become  more  numerous,  their  bor- 
ders are  less  briluant,  their  tint  deeper,  and  they  pass  to  the 
state  of  ctamilo'Strahu^  especially  if  a  stratum  of  ctrrus  exists 
below  them.  We  may  then  expect  rains  or  storms,  for  in 
the  higher  and  the  mean  re^ons  the  air  is  near  the  point  of 
saturation.  The  south  Vnnd  and  the  ascending  currents 
give  rise  to  changes  of  temperature  which  determine  the 
precipitation  of  aqueous  vapour  in  the  form  of  rain. 

Tne  cumuli^  that  are  heaped  up  on  the  horizon  in  the  fine 
days  of  summer,  are  those  wnich  are  most  fertile  for  plays  of 
the  imagination.  Who  has  not  fancied  that  he  recognises  in 
the  changing  forms  of  these  clouds,  men,  animals,  trees,  and 
mountains?  They  f\imish  comparisons  to  the  poets;  and 
Oaslaa  has  borrowed  from  them  his  most  beautiful  images^ 
The  popular  traditions  of  mountainous  countries  are  full  of 
strange  events,  in  which  these  clouds  play  a  prominent  part. 
As  they  are  often  of  the  same  height,  an  a|)pearance  results, 
which  I  should  mention.  When  I  was  living  at  the  Faul- 
hom,  the  sky  was  frequently  perfectly  clear  above  m^  head ; 
but  a  little  above  the  norizon,  a  belt  of  clouds,  the  width  of 
which  did  not  exceed  double  or  treble  that  of  the  moon,  ex- 
tended like  a  pearl  necklace  along  the  West  Alps,  from 
France  to  the  iV'ol-    ^7  station,  at  2683  metres  above  the 
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flea,  W9S  a  little  more  elevated  than  the  clouds,  and  their 
projection  on  the  sky  formed  a  narrow  belt,  although  th^ 
were  spread  over  a  vast  extent  of  the  skv.  From  wis  pro- 
jection, it  follows  that  it  is  often  very  dimcult  to  distingnish 
the  cumulus  from  the  ciamdo'Siratug,  How  frequently  do 
we  see  cumuli  spread  over  the  sky !  The  horizon  appears 
charged  with  douds,  it  seems  that  the  heavens  will  in  a  short 
time  be  entirely  covered  with  them ;  and  yet  the  sun  con- 
tinues to  shine  without  intermission.  A  very  simple  rea- 
soning proves  that  the  eye  has  been  deceived  by  a  projection. 
Imagine  (pi.  n.  ]^.  4),  a  series  of  globular  clouds  of  the 
same  size,  equi-distaat  from  each  other:  if  the  observer 
draws  two  lines  from  the  station  he  occupies  to  the  limits  of 
the  clouds,  the  interval  between  those  which  are  at  the 
zenitii  will  be  very  great,  but  it  will  be  contracted  in  pro- 
portion as  they  approach  the  horizon,  when  it  becomes  en- 
tirelv  null. 

while  the  true  ctamdi  are  formed  by  day,  and  disappear 
during  the  night,  another  variety  of  these  clouds  is  seen 
under  very  different  circnmstanoes.  It  is  common  to  ob- 
serve, in  the  afternoon,  dense  cloudy  nuuses,  rounded  or 
extended,  with  borders  badly  defined,  the  number  of  which 
increases  towards  even^,  until,  during  the  night,  the  sky  is 
completely  overcast  The  next  day  it  is  still  overcast,  but, 
some  hours  after  sun-rise,  all  disappears;  the  true  aamdt 
then  occupy  the  sky,  when  they  float  at  a  more  considerable 
height.  I  have  determined  this  by  direct  measurements. 
At  evening,  clouds  of  the  former  dan  again  replace  the  true 
ctttRuE  These  douds  are  composed  of  very  dense  vesicular 
vapour,  like  the  cumulus  and  the  cumulo'Straius*  They  differ 
in  their  dependence  on  llie  hours  of  the  dav ;  they  have  also 
an  analogy  with  the  stratus,  on  account  of  their  extent,  and 
are  distinguished  from  them  by  their  greater  height.  How- 
ever, they  approach  nearer  to  them  tlun  to  the  cumulus,  and 
I  propose  designating  them  under  the  name  of  strtUo^cumulus. 
During  winter,  this  kind  of  doud  frequently  covers  the  whole 
sky  for  weeks  together ;  their  presence  is  probably  due  to  the 
decrease  of  temperature,  reckoning  from  the  groimd,  being 
more  rapid  than  usual.  But,  as  the  sun  rises,  its  rays  dis- 
solve the  douds,  the  vapours  ascend,  cumuli  are  formed. 

This  influence  of  the  sun  on  the  douds  gives  rise  to  at- 
mospheric variations,  which  are  well  known  to  husbandmen. 
In  tue  morning  the  slqr  is  douded,  and  it  rains  abundantly; 
but  towards  nine  o*dodc  the  douds  separate,  the  sun  shines 
through,  and  the  weather  is  fine  for  the  rest  of  the  day. 
At  other  times,  during  the  morning,  the  sky  is  dear,  but 


CAUaSS  OF  BU8PEM8IOV.  123 

the  air  moist.  The  clouds  soon  appear;  toward  mid-day, 
the  sky  is  ooyered,  the  rain  falls,  but  it  ceases  toward  even- 
ing. In  the  former  case,  they  were  Hrato-cwmdu^;  in  the 
latter,  cumuh'^aius.  The  lormer  are  dissipated  by  the 
rays  of  llie  sun,  the  latter  are  formed  under  their  influence. 
If  the  temperature  and  hygrometric  conditions  of  the  air  at 
two  or  three  thousand  yuds  above  the  earth  were  as  well 
known  as  at  its  surftoe,  these  apparent  anomalies,  which 
astonish  us,  might  be  more  easily  explained. 

CAUSES  OF   THB    SUSPENSION  OF  OlaOUSS    IN 

THB  ATM OSPHSBE. — When  we  see  a  cloud  resolve  itself 
into  rain,  and  pour  out  thousands  of  |;allons  of  water,  we 
cannot  comprehend  how  it  can  float  m  the  atmosphere. 
Hany  hypotheses  have  been  made,  in  order  to  ezplam  this 
suspension :  it  has  been  said  that  the  air  itself  is  tnmsfonned 
into  rain ;  then  the  vesicles  of  water  have  been  supposed  to 
be  filled  with  a  gas  lighter  than  air.  Chemical  analysis  has 
proved  the  inaccuracy  of  both  these  explanations.  If  the 
constituent  principles  of  the  air  were  combined,  there  could 
only  result  nitric  add,  and  not  water ;  and  air  collected  in 
fo0  and  in  clouds  has  not  given  the  least  trace  of  gases 
lifter  than  air.  We  must  therefore  admit,  that  the  ve- 
sieles  of  foff  are  heavier  than  the  medium  in  which  th^ 
are  suspended :  however,  thev  rise  with  great  rapidity.  A 
Terr  simple  consideration  will  give  us  the  solution  of  the 
problem. 

Abandoned  to  itself,  a  vesicle  of  fog  falls  to  the  ground, 
like  every  other  heavy  bod^,  and,  m  twuwo,  it  arrives  there 
witii  a  great  acquired  ramdity;  but,  as  it  &Us  into  the  air, 
it  displaces  the  one  which  is  beneath  it,  and  this  resistance 
diminishes  the  rapidity  of  its  fliJl  more  effectually  as  the  en- 
yelope  of  the  vesicle  is  thinner.  If  we  apply  the  laws  of 
mechanics  to  this  particular  case,  we  shall  find  that  the 
vdiodty  of  the  fall  of  such  a  vesicle  is  not  very  great,  and 
would  not  be  above  thirteen  decimetres  per  second  after  a 
fall  of  six  or  eight  hundred  metres.  In  some  cases  even,  it 
would  be  scarcely  three  decimetres. 

But,  some  philosopher  might  say,  it  is  of  no  consequence 
whether  the  vesicle  ull  swifUy  or  slowly,  in  either  case  it 
is  not  sustained  in  the  atmosphere;  and  yet  observation 
proves  that  clouds  float  at  a  great  elevation.  To  those  who 
nave  often  observed  fo^  on  the  plain,  and  clouds  on  moun- 
tains, all  the  marvel  disappears.  A  cloud,  indeed,  is  not  a 
motionless  mass,  as  may  be  seen  by  observing  it  at  a  dis- 
tance ;  it  is,  on  the  contrary,  in  perpetual  motion.  When 
the  vesicles,  as  they  are  carried  along  by  the  wind,  arrive  in 
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a  diy  air,  they  dissolve,  whilst  on  the  side  of  the  wind  the 
vapour  is  precipitated  in  the  vesicular  state.  Thus,  a  cloud, 
apparently  motionless,  often  slowly  descends,  and  its  lower 
part  is  continually  dissolved,  while  the  upper  continually 
increases  by  the  audition  of  new  vesicles. 

There  exists  a  force  directly  opposed  to  the  fall  of 
clouds,  it  is  that  of  ascending  currents.  During  fine  weather, 
the  vesicle  falls  with  a  velocity  of  about  three  decimetres  per 
second ;  but  the  ascending  current  has  a  much  greater  velo- 
city, and,  consequently,  it  draws  the  vesicle  onward.  On 
this  account  it  is  that  the  cumuli  are  more  elevated  at  mid- 
day than  in  the  morning ;  towards  evening,  on  the  contrary, 
as  soon  as  this  current  becomes  weaker,  the  clouds  actually 
descend,  and  dissolve  when  they  arrive  into  the  warmer 
regions  of  the  atmosphere.  The  horizontal  currents  also 
oppose  the  fall  of  clouds. 

I  have  purposely  avoided  borrowing  any  illustration 
from  phenomena  foreign  to  Meteorology.  Who  has  not  ob- 
served grain,  feathers,  sand,  dust,  &c.,  elevated  to  a  pro^ 
digious  height,  and  transported  to  great  distances  ?  At  very 
many  leases  from  the  coast  of  Africa,  ships  have  been 
covered  with  the  sand  from  Sahara;  and  it  is  well  known  that 
the  wind  transports  to  immense  distances  the  ashes  vomited 
from  volcanos.  Yet  these  bodies  are  much  denser  than  the 
vesicles  of  water.  Let  us  not,  then,  seek  to  explain  their 
suspension  by  extraordinary  causes ;  it  is  as  easy  of  compre- 
hension as  that  of  dust.* 

OF  RAIN  AND  8N01V. — ^When  the  vesicles  become 
large  and  the  temperature  diminishes,  the  rapidity  of  their 
fall  increases ;  many  of  them  unite  and  fall  to  the  earth. 
If  they  traverse  strata  of  very  dry  air,  their  surface  inces- 
santly evaporates,  the  drops  become  smaller,  and  less  rain 
falls  on  the  groimd  than  at  a  certain  height ;  it  may  even 
happen  that  the  rain  does  not  reach  the  earth,  but  is  entirely 
dissolved  in  the  air.  On  plains,  in  spring,  when  the  weather 
is  variable,  rain  is  sometimes  seen  to  fall  abundantly  from  a 
cloud  situated  at  the  horizon ;  but  the  bands  of  rain,  which 
are  very  readily  distinguished  by  their  grey  colour,  do  not 
reach  the  earth.  Sometimes  the  rain-drop  increases  during 
its  descent ;  for  it  is  of  the  temperature  of  the  upper  strata 
of  the  atmosphere,  and  condenses  on  its  surface  the  vai^our 
of  water,  as  a  decanter  of  cold  water  does  when  brought  into 

*  Fbbskzl  thought  that  the  aol&r  heat,  absorbed  into  the  substances  of 
clouds,  dilates  the  air,  which  separates  the  Tesicles  and  converts  the  clouds 
into  a  kind  of  aerostat,  wlxich  rises  to  greater  heights  as  the  excess  of  tem- 
perature is  greater.— (Vide  Bibliothequc  UnivertcUe^  t.  xzl.  p.  860.) 
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a  warm  chamber.  The  quantity  of  rain  which  will  then 
moisten  the  soU  will  be  more  considerable  than  that  which 
falls  at  a  certain  height. 

Differences  of  level  of  thirty  metres  are  sufficient  te 
render  these  phenomena  sensible.  In  order  to  determine 
the  quantity  of  rain,  instruments  are  used,  called  pluvio' 
meters^  ombrometers^  hyetometers,  udometers.  They  consist  of 
vessels  open  above,  which  are  placed  in  an  exposed  situation, 
80  as  to  receive  directly  the  rain  or  snow  that  falls  from  the 
atmosphere.  After  each  rain,  the  quantity  of  water  con* 
tained  in  them  is  measured ;  if  it  has  been  snowing,  the 
snow  is  first  melted.  But  in  our  climates  the  quantity  of 
rain  that  &lls  in  each  shower  is  reduced  to  so  little,  that  the 
accumulated  errors  of  observation  may  have  a  great  infiuence 
over  the  annual  mean.  The  most  unexceptionable  apparatus, 
but,  at  the  same  time,  the  most  complicated,  is  that  which 
has  been  devised  by  Professor  Homer  of  Zurich  (aide 
Kaemts,  Treatise  on  Meteorology^  t.  L  p.  413,  and  pi.  m. 

fig'  19). 

Very  simple  measuring  apparatus  are  generally  em- 
ployed; a  glass  tube,  from  two  to  four  centimetres  in 
diameter,  is  divided  exteriorly  into  corresponding  parts, 
each  of  two  or  three  cubic  centimetres  in  capacity.  The 
mouth  of  the  pluviometer  is  measured  with  equal  accuracy : 
suppose  that  it  be  equal  to  0,2  square  metres;  after  ram, 
the  water  found  in  the  pluviometer  is  poured  into  the  gra- 
duated tube,  and  we  thus  learn  how  many  cubic  centimetres 
of  water  have  fallen.  We  also  calculate  what  would  have 
been  the  height  of  the  water  fallen  into  the  pluviometer, 
by  dividing  the  number  of  cubic  centimetres  by  the  surface 
of  the  mouth,  expressed  in  square  centimetres.  I  suppose 
that  0,10283  cubic  metres  have  been  found,  the  water  would 
have  had  a  height  of 

0,10283      ^„  ^^, 

-2 —  0"",051. 

0,20000  ' 

It  is,  moreover,  indispensable  to  measure  immediately  after 
rain,  otherwise  a  portion  of  the  water  evaporates,  and  the 
numbers  found  are  too  low.* 

*  M.  FLAuoxftoirsi,  professor  at  the  School  of  Nat»1  ArtUleir  at  Toulon, 
presented  to  the  Society  of  Sciences  of  that  city,  in  the  oourse  of  184 1 ,  a  new 
arratorr  udometer,  arranged  not  only  for  measuring  the  quantity  of  rain 
that  falls,  but  also  to  make  known,  by  mere  inspection,  the  portions  of  this 
quantity  which  have  fallen  for  each  determinate  wind. 

Tills  instrument  is  compo«ed,  ist.  Of  a  ftinnel  movable  round  a  vertical 
axis,  covered  at  its  upper  part,  and  carrying,  at  its  lower  extremity,  an 
escape-tube,  the  axis  of  which  is  in  the  same  vertical  plane  with  the  axis  of 
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Place  two  pluviometers,  one  on  the  roof  of  a  building: 
and  the  other  on  the  level  of  the  ^und,  as  is  done  at  the 
Paris  Obseryatoiy ;  the  same  quantity  of  rain  will  rarely  be 
jfonnd  in  both  instruments ;  in  general,  it  will  not  be  so  great 
above.  The  effect  is  especially  remarkable  when  the  air  is 
moist  and  agitated  in  the  neighbourhood  of  the  ground :  it 
is  probable  that  the  wind  takes  away  the  drops  of  rain 
which  rebound,  and  drives  them  into  the  pluviometer,  as 
we  see  snow  accumulate  at  certain  points.  It  is  also  admitted 
that  the  dn^  increase  by  the  vapour  of  water,  which  is 
added  to  them  in  the  height  which  separates  the  ground  from 
the  roof  of  the  buildine.^ 

The  water  which  falls  from  the  higher  regions  of  the 
atmosphere  is  senerally  in  the  state  of  snow  or  rain.  How- 
ever, even  in  the  midst  of  summer,  it  sometimes  falls  in  the 
fbrm  of  hail.  In  winter,  frozen  drops  of  rain  are  observed, 
which  are  composed  of  pure  ice,  especially  when,  after  a 
rigorous  and  continued  frost,  the  south  winds  heat  the  higher 
regions  of  the  atmosphere.  Drops  of  rain  are  then  formed,, 
wfich  congeal  before  the^  reach  the  ground ;  however,  the 
water  frequently  arrives  m  a  liquid  state,  but  it  freezes  oa 

rotation,  and  with  a  vane  fixed  on  the  rery  body  of  the  flxnnel ;  so  that  the 
ceeape  of  water,  accumulated  there,  takes  place  in  a  direction  conetantlr 
parallel  with  that  of  the  wind:  2d,  Of  »  cylindrical  reoeptacle  divided  by 
eight  vertical  partiUona.  radiating  into  eight  chambers,  and  corresponding . 
to  the  eight  principal  polyts  of  the  compass.  This  reoeptacle  is  in  the  outset 
duly  anUusted,  and  solidly  fixed  on  a  base  at  the  bottom  of  each  of  the  divi- 
iionB,  by  a  tube  whioh  ascends  vertically  outside  the  receptacle,  and  on 
which  the  height  of  the  water  in  the  corresponding  cell  is  observed. 

A  udometer  of  this  kind  has  been  used,  sinoe  the  commencement  of  1S41, 
at  the  naval  battmy  at  Tonkm ;  sjod  it  leaves  nothing  to  be  desired.— M. 

*  The  phiriometer  of  the  terrace  of  the  Paris  Observatory  is  elevated 
twenty-seven  metres  above  that  in  ttie  court.  From  1817  to  1827  there 
ftil,  at  a  mean,  fifty-eeven  centimetres  of  rain  in  ttie  coort,  and  only  fifljy 
omtimetres  on  the  terrace.  (Fide  Axaqo,  Ann.  du  Bureau  det  Longiiudeit 
for  1824 ;  and  PonnxR.  Ei6ment$  de  PUftique,  t.  il.  p  679.) 

The  quantity  of  rain  which  fldls  m  the  upper  pluviometer  bdng  I, 
M.  ScHouw  finds  the  following  numbem  for  that  which  dlls  in  tiie  lower 
pluviometer :— - 


TOWVB. 

DinrKasnGS  or 

UBVSL. 

LowEft  rnrvio- 

xsTxa. 

Copenhagen     .    .    . 
York 

ParU 

Penxance     .... 
Pavia 

m 
39,0 
65.0 
23.0 
27,0 
14,0 
17.G 

1,27 
1,72 
1.29 
1.14 
1,51 
1.01 

(Scaouw,  Oimal  de  ritalie,  p.  134.)— If. 
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touchiiig  the  earth,  which  it  coven  with  a  coat  of  ice  called 
rime.  These  two  phenomena  generally  coincide  with  a  reiy 
low  barometer,  and  they  annonnoe  thaw. 

When  the  temperature  of  the  air  is  near  the  freezing- 
point,  or  lower,  enow  generally  falls ;  bat  the  lower  the  tern- 
pentnie  of  the  air  is,  and  the  less  yapour  of  water  it  contains, 
the  mare  does  the  quantity  of  snow  mminish.  With  a  cold  of 
— 20^  we  can  scarcely  conceive  that  more  than  four  or  five 
eentimetres  would  fall ;  however,  I  saw  it  snow  continuously 
on  January  18,  1838,  during  a  cold  of  ^18,02 ;  but  the 
flakes,  or  rather  the  grains,  were  very  small.* 

FORMS  OP  TJUkXSM  OF  8MOW.— -If  flakes  of  snow 
are  received  on  objects  of  a  dark  colour,  and  at  a  tempera- 
toie  below  the  freezing  point,  a  great  r^ularity  is  ob- 
aerved  in  their  forma :  this  has,  for  a  lon^  tune,  struck  at* 
tentive  observers.  K«pler  speiiks  of  their  structure  with 
admlratioD,  and  other  ^hiloaophers  have  endeavoured  to 
determine  its  cause ;  but  it  is  only  within  the  period  in  which 
we  have  kamed  to  know  the  laws  of  crystidlisation  in 
general,  that  it  has  been  possible  to  throw  any  light  on  the 
mibject 

The  moleeules  of  almost  all  bodies  that  pass  from  the 

auid  to  the  solid  state  have  the  property  of  grouping  them- 
ves,  so  as  to  ibnn  solids  terminated  by  phmes  mclined  to 
each  other  by  a  constant  angular  qoanti^.  The  number  of 
the  facets,  and  the  value  of  the  angles^  vary  in  bodies  whose 
chemical  composition  is  different,  out  are  constant  in  those 
whose  chemical  composition  is  the  same,  and  which  are 
fbrmed  under  the  same  cireomstances.  These  r^;ular  solids 
are  named  cryituls^  and  we  may,  as  it  were,  assist  them  in 
tiieir  formation.  Four  water  on  seannlt  (chloride  of  sodium) 
until  all  the  salt  is  dissolved,  and  put  the  solution  into  a 
hot  place;  a  part  of  the  water  will  evaporate,  and,  not  being 
able  to  hold  in  solution  the  molecules  of  salt,  they  will  be 
deposited,  forming  small  masses  of  a  cubical  form.  Take 
one  of  these  crystols,  remove  one  of  the  edges  by  which  it 
m  terminated,  and  place  it  a§nin  in  Hbe  solution,  and  yon 
will  see  this  edge  reprodueed  at  the  same  time  that  the 
crystal  increases  in  volume.  Each  time  that  the  experi- 
ment is  made  under  nmilar  cireomstances,  the  crvstals  will 
be  cubical ;  but,  if  yon  heat  the  solution,  or  ix  you  mix 
with  it  a  foreign  substance,  the  crystab  will  have  a  differ- 

*  In  th«  momliis  of  the  lit  of  Deoember,  I838»tlie  otMerran  at  Bofduip 
(LopUmd)  law  mow  £kll  with  %  tomperstnro  of  — S0^,6.  On  the  erening  or 
the  aame  dg^  there  wee  en  wbaanAtA  ftA  of  vow,  wtCh  tempetmtoree  of 
-19*3  and  *18*,l.    Thla  viow  wm  Tex7  tee^M. 
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ent  form ;  their  edges  will  be  replaced  by  plane  surfaces, 
which,  by  uniting,  will  sometimes  entirely  disg^uise  the  six 
primitive  faces.  The  forms  of  crystals  may  always  in  labo- 
ratories be  made  to  vary.  Nature  also  offers  to  us  the  most 
varied  arrangements,  but  all  relating  to  a  single  primitive 
form,  of  which  they  are  only  a  variety.  The  temperature, 
the  concentration  of  the  solution,  the  vicinity  of  anoUier 
body,  are  sufficient  disturbing  circumstances.  In  the  pre-^ 
ceding  example,  the  crystallisation  took  place  because,  one 
part  of  the  water  having  evaporated,  the  remaining  portion 
could  no  longer  hold  the  salt  in  solution. 

In  fusmg  certain  bodies,  and  allowing  them  to  cool,  the 
same  phenomena  are  observed.  Melt  sulphur  in  an  earthen 
pot,  and  then  remove  it  from  the  fire,  the  liquid  mass  will 
soon  be  covered  with  a  solid  crust ;  break  this,  and  pour  off 
through  the  opening  the  sulphur  that  still  remains  liquid, 
you  will  then  see  that  the  vessel  is  coated  with  a  solid  crust 
of  sulphur,  the  interior  of  which  is  studded  with  regular 
acicular  crystals.  As  soon  as  the  mass  is  solidified  by  cool- 
ing, the  smallest  molecules  are  regularly  arranged ;  but  if 
the  entire  mass  is  allowed  completely  to  solidify,  the  crys- 
tals would  be  so  confounded  that  a  body  of  crystalline  tex- 
ture would  be  obtained,  but  not  a  single  crystal :  the  same 
occurs  in  rolls  of  brimstone.  On  the  contrary,  by  letting 
the  sulphur,  which  separates  the  crystals  already  forme<^ 
flow  out  while  still  liquid,  the  latter  remain  separate  and 
become  visible. 

Water  presents  a  phenomenon  analogous  to  that  of  sul- 

fhur;  it  crystallises  under  the  influence  of  cold  alone, 
lowever,  on  examining  the  ice  of  rivers,  we  do  not  discover 
the  smallest  trace  of  ciystals ;  it  is  a  confused  mass,  like  that 
of  the  rolls  of  brimstone.  But  if  the  progress  of  crystallisa- 
tion is  followed  on  the  banks  of  a  river,  needles  are  seen  to 
dart  from  the  bank,  or  rather  from  the  ice  already  formed, 
and  to  advance  parallel  to  each  other,  or  making  ansles 
with  each  other  of  from  thirty  to  sixty  degrees.  Otner 
needles  dart  from  these  at  the  above  angles,  and  so  on  until 
a  compact  uniform  mass  is  the  result  of  their  interladnff. 
K  a  sheet  of  ice  thus  formed  is  raised,  very  regular  crystaJs 
are  often  discovered  on  its  lower  surface.  Similar  phe- 
nomena are  observed  in  winter  on  panes  of  glass.  jThe 
secondary  crystals  are  seen  to  make  a  constat  anffle  with 
the  crystals,  which  serve  as  a  common  axis ;  ana  if  the 
glass  were  a  perfect  plane,  very  regular  figures  would  be 
seen.  They  occur  sometimes  when  the  pane  of  glass  is  very 
thin.    The  air  of  the  room  is  moist,  then  each  scratch,  each 
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grain  of  dust,  becomes  the  centre  of  a  crystalline  formation ; 
and,  by  radiating  in  all  directions,  these  crystals  form  a 
net-work,  which  excites  admiration  by  its  astonishing  com- 
plication. 

The  crystals  of  ice  are  never  so  regular  as  when  they 
are  formed  by  the  va^nr  of  water  deposited  on  solid  bodies, 
as  hoar-frost,  which  is  precipitated  in  still  weather  with  a 
moist  air,  or  when  snow  falls  without  being  driven  by  the 
wind ;  but  temperature,  moisture,  the  a^tation  of  the  air, 
and  other  circumstances,  have  a  great  mfluence  over  the 
form  of  the  crystals.  Notwithstanding  their  variety,  they 
may  be  all  associated  under  a  single  law.  We  see  that 
isolated  crystals  unite  under  angles  of  30,  60,  and  120  dc- 

Sees.  Flakes,  which  fall  at  the  same  time,  have  generally 
e  same  form ;  but,  if  there  is  an  interval  between  two 
consecutive  iUls  of  snow,  the  forms  of  the  second  are  ob- 
served to  differ  from  those  of  the  first,  although  always 
alike  among  themselves. 

The  English  navigator,  W.  Seofuhj,  who  made  a  great 
many  voyages  in  the  polar  seas,  as  captain  of  a  whaler,  has 

S'ven  the  greatest  number  of  details  on  this  subject.  He 
IS  descriM  the  different  forms  of  snow,  in  his  excellent 
work  on  the  North.  They  may  be  associated  under  five 
principal  types :  1st,  thin  laminie ;  2d,  a  spherical  nucleus, 
or  plane,  studded  with  ramified  needles ;  3a,  fine  hexagonal 
needles,  or  prisms ;  4th,  pyramids  with  six  faces ;  5th,  needles 
terminated  at  one  of  their  extremities,  or  at  both,  with  a 
small  lamina.  I  will  describe  the  most  remarkable  varieties 
according  to  Scoresby. 

1st.  Crystals  with  a  laminated  form.  They  are  dis- 
tinguished by  the  variety  of  forms  which  they  present. 
Generally,  the  laminss  are  very  thin,  transparent,  and  of  a 
very  deUcate  structure.    Several  varieties  are  distinguished. 

A.  Starred  figures  with  six  rays  radiating  from  a  centre, 
and  frequently  studded  with  parallel  points,  so  arran^  as 
to  be  m  the  same  plane  with  the  rays.  According  to 
Scorealiy,  this  form  is  often  observed  when  the  thermo- 
meter is  near  the  freezing  point  (pi.  iv,J!gs.  1  and  2).* 

R  Regular  hexaedrons.  They  are  observed  during 
moderate  cold,  and  with  very  low  temperatures.  The  colder 
it  is,  the  thinner,  the  smaller,  and  the  more  delicate  they 
«re.    Some  are  a  simple  transparent  lamina  (pi.  iv.^.  3). 

*  ThiB  Btellmted  form  (Jig,  3)  is  one  of  the  most  fi«quent  fiinnf  of  snow. 
The  lowest  temperature  at  which  %  fall  of  stellated  mow  has  been  obaen'ed 
at  Bowliop,  is  —IS*.  The  stars  were  scarcely  two  millimetres  In  diameter. 
The  weather  was  almost  calm.— M. 

q2 
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In  others,  white  lines  are  seen  in  the  interior  of  their  peri-- 
meter,  which  in  their  turn  form  little  hexaedrons  or  analo- 
gous figures.  The  most  varied  forms  result  from  these 
combinations  (vide  pi.  Tw,Jigs.  4,  5,  6,  7,  8,  and  9).  Their 
size  varies  between  that  of  lamins  scarcely  visible,  and 
others  of  two  or  three-tenths  of  a  millimetre  in  diameter. 
In  lookinff  sideways  at  one  of  these  laminae,  I  have  always 
observed  uiat  little  facets  unite  the  parallel  faces ;  however, 
they  are  not  visible  without  a  poweml  magnifier.  Fig,  10, 
represents  the  section  of  a  hexaedral  lamina. 

C.  Combinations  infinitely  varied  of  hexaedral  figures  of 
very  different  sizes.  They  are  observed  during  intense 
cold  (pi.  TV.  Jigs.  H-15). 

D.  Combinations  of  hexaedral  figures,  with  rays  and 
salient  angles.  This  is  one  of  those  forms  which,  according 
to  Scortsliy,  vary  the  most,  and  which  present  the  most 
elegant  arrangements  (pi.  iv.  fgs,  16-25).  The  parallel 
lines  of  the  figures  appear  white  m  nature. 

2d.  Flakes  with  a  spherical  nucleus,  or  a  plane  with 
rays  ramifying  in  different  phmes.  This  form,  according  to 
flcoresby,  comprehends  two  principal  varieties. 

A.  Flakes  composed  of  a  tnin  crystal  of  the  same  kind  as 
those  described  and  fianired.  Small  needles  occasionally 
stud  these  planes  on  aU  sides.  They  are  sometimes  raised 
on  one  fiu»,  at  other  times  on  both.  They  make  an  angle 
of  more  than  sixty  degrees  with  the  plane  of  the  lamina. 
Their  diameter  is  sometimes  five  millimetres.  According  to 
8eor«slij,  they  are  observed  in  temperatures  sev^nd  degrees 
below  freezing-point 

B.  Figures  with  a  spherical  nucleus  studded  with  needles 
tending  in  all  directions.  Sometimes  the  nucleus  is  a  trans- 
parent crystal,  or  a  white  and  unequal  body.  I  have,  how- 
ever, convinced  m;)rself,  by  examining  this  form  under  a 
considerable  magnifying  power,  that  me  nucleus  is  always 
crystallised.  This,  moreover,  is  very  easily  verified  when 
the  crystallisation  is  not  made  according  to  tne  three  dimen- 
dcms,  and  when  the  nucleus  only  carries  six  rays  arranaed 
in  the  same  plane.  A  vertical  section  of  a  crystal  of  tnis 
kind  \B  figured  in  pi.  vf'Jig.  26. 

3d.  Inne  hexagonal  n^dles  or  prisms.  They  are  some- 
times very  slender,  and  with  a  crystalline  appearance,  or 
even  white  and  shapeless.  The  most  delicate  varieties, 
which  resemble  a  white  hair  five  millimetres  lon^,  are  so 
fine  that  it  is  no  easy  matter  to  determine  their  fbrm. 
These  crystals  are  not  always  hexaSdral,  but  often  with 
merely  three  faces. 
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4th.  Sc<wby  only  once  saw  pyraiiiicLi  with  six  faces 
(pL  Tv.Jk.  27\ 

5th.  Needles  or  pnsms,  one  or  both  extremities  of  which 
cany  polyhedral  lamime  of  six  sides,  are  also  very  rare. 
The  same  navigator  only  observed  them  trace;  but  they 
&11  in  sQch  abundance  that  his  ship  was  in  a  few  hours 
covered  with  several  centimetres  of  snow  (pi.  TT.Jig».  28 
--50. 

Plate  rv.  is  a  copy  of  the  most  remarkable  forms  ob- 
served byScoreslvj.  The  total  number  of  those  seen  by 
him  amount  to  ninety-six.  Yet,  I  have  met  with  at  least 
twenty,  that  he  has  not  figured ;  but  I  never  found  a  single 
one  in  which  the  crystals  were  in  planes  perpendicular  to 
each  other.  The  varieties  probably  amount  to  several  hun- 
dreds. Who  would  not  here  admire  the  infinite  power  of 
Nature,  which  has  known  how  to  create  so  many  different 
forms  in  bodies  of  so  small  a  bulk ! 

It  is  during  calm  weather  without  fog  that  they  may  be 
admired  in  all  their  beauty.  In  hoar-mst,  the  crvstals  are 
generally  irr^^ar  and  opaque;  and  it  seems  that  great 
numbers  of  vesicles  are  solidified  at  their  surface  with- 
out having  had  time  to  unite  intimately  with  the  crystalline 
molecules.  During  wind,  the  crystals  are  broken  and  irre- 
gular; rounded  grains  are  then  mund  composed  of  unequal 
Tays.  In  the  Alps,  and  in  Germany,  I  have  often  seen  per- 
fectly symmetrical  crystals  fidl.  Should  the  wind  rise  they 
become  grains  of  the  size  of  millet  or  small  peas,  whose 
structure  is  any  thing  but  compact ;  or  even  bodies  having 
the  form  of  a  -^yiKaaS^  the  base  of  which  is  a  spherical  cup. 
These  bodies  might  be  compared  to  sleet;  yet  they  are 
formed  imder  the  influence  of  the  same  meteorological  dr- 
eumstances  as  the  flakes  which  ikll  before  gales  of  wind. 
I  will  return  to  this  subject  when  treating  on  hail. 

SHO^KTB&s  ymngom  cxouds. — When  the  sky  is 
serene,  and  the  cold  intense,  numerous  brilliant  particles 
are  often  observed  in  the  air ;  these  are  little  flakes  of  snow, 
which  reflect  the  reys  of  the  sun.  They  form  in  the  midst 
of  the  vapours  that  are  rising  from  the  ground,  and  often 
flUl  in  so  jpvat  a  quantity  that  they  entirely  cover  the 
ipround.  Tms  formation  of  snow  without  clouds  only  occurs 
m  calm  weather.  When  the  equilibrium  of  the  higher 
regions  is  violently  disturbed,  especially  when  very  cold 
north  winds  come  into  collision  with  those  from  the  south, 
it  may  also  happen  that  rain  faUs  from  a  serene  sky.  Large 
drops  are  seen  to  moisten  the  earth,  and  yet  at  tne  zenith 
the  sky  is  blue.    The  vapours  condense  into  water,  without 
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passing  through  the  intermediate  state  of  vesicular  vapours. 
M.  de  Hnmboidt  gives  several  examples  of  this  kind,  and 
from  my  own  observations,  this  fact  is  not  very  rare,  for 
I  have  observed  it  twice  or  thrice  annually.* 

QVANTmr  OF  IVATER  VTHICH  FALIiS  DURINO 

A  SiNGlaE  SHOWER. — No  general  rule  can  be  established 
respecting  this.  While  certain  rains  are  reduced  to  a  few 
drops,  in  other  cases  torrents  of  water  fall  from  the  sk^. 
These  deluging  rains  are  more  particularly  observed  within 
the  tropics.  Thus  M.  de  Humboldt  saw,  on  the  banks  of 
Kio-Negro,  a  quantity  of  water  fall  in  five  hours  eoual  to 
forty-seven  millimetres.  Almost  the  same  auantity  fell  every 
daj.  At  Bombay,  it  has  been  proved  that  the  earth  re- 
ceives in  a  day  108  millimetres  of  rain.  At  Cayenne,  Ad- 
miral Roossin  found  that  the  quantity  of  water  collected 
from  eight  o'clock  in  the  evening  till  six  in  the  mornings 
was  00,277.  In  the  higher  latitudes,  less  water  falls  in  a 
given  space  of  time ;  and  when  the  quantity  which  falls  per 
day  exceeds  three  centimetres,  the  low  plains  of  Europe 
are  soon  inundated.  Prodigious  showers  are,  however,  re- 
corded. At  Joyeuse,  there  one  day  fell  twenty-five  centi- 
metres of  water ;  at  Genes,  in  tne  same  space  of  time, 
eighty-one  centimetres ;  at  Geneva,  in  three  nours,  sixteen 
centimetres.  In  mountainous  countries  these  showers  are 
not  so  rare,  because  the  winds  frequently  blow  with  vio- 
lence in  several  contrary  directions-f 

RAINS  WITHIN  THB  TROPICS.  — The  frequency 
of  rains  in  different  seasons  is  so  intimately  connected  with 
other  conditions  of  climate,  that  the  earth  may  in  this  re- 
spect be  divided  into  several  regions.    Let  us  nrst  consider 

*  The  following  are  Inttancet :— Aug.  9,  1837*  H.  WAmTMAxsi  saw  a 
shower  fUl  at  Geneva,  which  lasted  two  or  three  minutes ;  the  sky  waa 
cloadless.  M.  ]>B  Nkvxc  waa  in  a  shower  at  Constantinople,  for  ten  minutes; 
the  sky  was  perfectly  serene.  M.  Babivbt  observed  the  same  phenomenon 
at  Paris.  Finally,  according  to  Lx  Gemtil,  It  would  appear  tliat  this  pheno- 
menon is  common  in  the  island  of  Mauritlns.  In  the  seasons  of  S.E.  winds 
fine  rain  is  often  seen,  he  says,  to  foil  especially  about  evening,  although  it 
fs  the  finest  weather  in  the  world,  and  the  stars  are  shining  brilliantly. 
(Vide  Comptct  rendus  de  rAcadimie  da  Science*,  t.  v.  p.  S49 ;  t.  xii.  p.  777 ; 
t.  xiv.  p.  765 ;  and  t.  xi.  p.  837).— H. 

t  The  following  are  some  more  recent  examples  of  deluging  rains :— June 
4,  1639,  a  rain  fell,  which,  says  M.  Quxtklxt,  was  only  very  heavy  for  three 
hours.  iri">",78  of  water  were  collected  on  the  terrace  of  the  Observatory 
of  Brussels,  in  twenty-four  hours.  From  18SS-S  indurive,  never  more  than 
50,"*3  of  water  had  been  known  to  foil  at  Brussels  in  twenty-four  hours. 

In  the  basin  of  the  8a6ne  there  exista  a  little  town  called  Cuiseaux* 
where  it  always  rains  more  than  in  any  other  part  of  the  valley.  Thus,  im- 
mediately before  the  terrible  inundations  of  1841,  there  fell  270""  of  water 
in  sixty'-eight  hours.  In  the  same  interval  only  150"*"  fell  at  OuUins,  near 
Lyons.  (Comptes  rendus dcF Academic  des  Sciences,  t.  viii.  p.  980.  1839;  t.  xii. 
p.  2C0.  1841.)— M. 


BAINS  WITHIN  THE  TB0PIC8.  133 

conntries  situated  mthin  the  tropics,  because  a  much  greater 
regularity  is  observed  there  than  in  our  own  climates. 

In  all  places  where  the  trade- wind  blows  constantly  sea« 
ward,  it  does  not  rain ;  the  sky  is  always  serene,  especially 
when  the  sun  is  in  the  other  hemisphere ;  but  it  often  rains 
in  the  region  of  calms.  The  ascending  current  draws  with 
it  a  mass  of  vapours,  which  condense  as  soon  as  they  arrive 
at  the  line  of  junction  between  the  upper  and  lower  trade* 
wind.  The  sun  almost  always  rises  m  a  clear  sky ;  toward 
mid-day,  isolated  clouds  appear,  which  pour  out  prodigious 
quantities  of  rain.  These  showers  are  accompanied  with 
violent  sales.  Towards  evening  the  clouds  dissipate,  and 
when  the  sun  sets  the  sky  is  perfectly  dear.  Thus  the 
masses  of  air  discharge  the  water  they  contain,  into  the  very 
r^ons  from  which  they  rise ;  and  hence  arises  the  absence 
of  rains  in  countries  more  distant  from,  the  equator,  where 
the  east  wind  regularly  blows. 

On  shore,  between  the  tropics^  we  find  during  a  part  of 
the  year  disturbances  in  the  direction  of  the  trade- winds ; 
and  the  year  is  divided  into  two  seasons, — the  wet  and  the 
dry  season.  Europeans  have  found  this  climacteric  division 
adopted  by  all  indigenous  people,  and  it  is  the  more  charac- 
teristic, as  entire  months  frequently  pass  away  during  the 
dry  seasons  without  a  single  doud  naving  be^  seen  in  the 
sky. 

Notwithstanding  local  differences  a  great  regularity  is 
every  where  observed  in  the  succession  of  phenomena,  but 
I  wiu  content  myself  with  pointing  them  out  according  to 
M.  de  Humboldt,  inasmuch  as  his  researches  have  thrown 
a  briffht  light  on  the  causes  of  the  variations  that  are  ob- 
served in  our  climates. 

In  the  part  of  South  America  situated  on  the  north  of 
the  equator,  the  sky  is  perfectly  serene  from  December  to 
February ;  the  vrind  blows  from  the  E.  or  E.N.E. ;  the  air 
is  dry,  and  vegetation  is  leafless.  Toward  the  end  of  Feb- 
ruary, and  at  uie  commencement  of  March,  the  blue  of  the 
sky  becomes  deeper,  the  hygrometer  denotes  more  moisture 
in  the  air,  and  the  leaves  of  the  trees  begin  to  burst  forth. 
A  slight  curtain  of  vapour  dulls  the  twinkling  of  the  stars, 
which  is  dense  toward  the  zenith,  where  it  is  sometimes 
visible.  The  trade- wind  blows  less  violently,  and  the  air  is 
occasionally  entirely  calm.  Clouds  resembling  mountains 
gradually  collect  in  the  S.S.E.,  and  sometimes  traverse  the 
sky  with  incredible  velodty.  Toward  the  end  of  March, 
lightnings  shine  in  the  heavens  at  the  south ;  and  the  wind 
passes  for  several  hours  to  the  tV.  and  W.S.W.    The  atmo- 
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spheric  electridtj  becomes  stronger,  especially  at  sun-set; 
and  this  is  a  certain  sign  of  the  approach  of  the  rainy  season^ 
which,  on  the  banks  of  the  Oronoko,  b^ins  at  the  end  of 
April.  The  sky  is  troubled,  and,  from  its  former  blue,  be- 
comes grey.  ia.  the  afternoon,  at  the  moment  when  the 
heat  is  at  its  maximMmy  a  storm,  accompanied  by  heavy 
showers,  rises  in  the  plains.  At  the  commencement,  the 
douds  and  rain  are  only  formed  during  the  burning  hours 
of  the  afternoon,  and  disappear  toward  evening.  j3ut  in 
proportion  as  the  season  advances,  especially  when  the  sun 
18  at  the  zenith,  they  both  commence  being  manifest  in  the 
morning,  but  at  the  end  of  the  season  they  again  appear  in 
thealtmioon. 

In  many  countries,  the  niffht  is  almost  always  serene ;  in 
others,  it  rains  in  the  nisht  luso,  and  even  more  so  than  in 
the  day ;  but  it  is  probable  that  this  difference  is  due  to  the 
neighbourhood  of  large  chains  of  mountains.  M.  Bovuraia^ 
vault  determined  this  on  the  table-lands  and  in  the  vaDeys 
of  the  Andes,  at  Peru;*  loyally  at  Madagascar;  Admiral 
BouMia^  at  Cayenne.  Other  travellers  have  confirmed 
these  fiicts  by  isolated  observations. 

All  these  phenomena  tend  to  prove  that  the  MUHmAmg 
current,  which  is,  for  the  most  part,  very  strong  in  the  place 
that  has  the  sun  in  its  zenith,  causes  a  disturbance  in  the 
atmosphere.  Hence  there  is  first  the  scintillation  of  the 
stars,  and  then  a  change  in  the  direction  of  the  winds.  The 
evaporation  of  the  water  that  falls  over  night  so  saturates- 
the  air  with  vapours,  that,  even  in  Africa,  cloaks,  shoes,  in 
a  word,  all  thinss  which  are  not  placed  near  the  fire,  be* 
come  moist;  and  the  inhabitants  live  in  a  kind  of  perpetual 
yapour-bath.  This  is  the  epoch  of  the  endemic  diseases  so- 
&tal  to  Europeans.  In  Africa,  the  approach  of  the  rainy 
season  is  also  announced  by  changes  in  the  direction  of  the 
winds. 

These  rains  being  a  consequence  of  the  ascending  cur> 
rents,  the  place  where  they  fall  chanses  with  the  dedina^ 
tion  of  the  sun,  the  presence  of  which  determines  the  cur- 

*  In  the  ntlghbourtiood  of  the  gold  mines  of  Mtrmarto,  Ui.  5"  S7' N.; 
long.  5^  11"  W.,  obeolute  eleration  1426  metres,  mean  temperature  20%  4, 
tUa  philoeopher  obtained  tlie  following  reeolts  :-<• 

BAIN  IN  KILLOaXUB. 
1827. 

Day.  Night. 

October     .    .    .    S4»>  15I"> 

Morember  .    .    .    18    ,,  208    ,, 

December      .    .      2    „  159    „ 

(Vide  Con^rtei  rcmdku  de  I'Acad,  4et  Sciencet,  t.  il.  p.  109.  1886.)— Mr 
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rent  In  Africa,  for  example,  near  the  equator,  Uie  season 
of  rain  commences  as  early  as  April.  Between  10°  of  N. 
lat.  and  the  tropics,  prindpally  in  the  countries  watered  by 
the  Senegal,  it  lasts  from  the  commencement  of  June  to  the 
commencement  of  November.  It  is  the  same  in  the  interior 
of  oonntries,  as  may  be  seen  by  the  recitals  of  Mvngo  Pairk, 
Btnkam,  BrowiMy  Brace,  and  others.  In  like  manner,  at 
Panama,  on  the  western  coast  of  America,  the  rain  com- 
mences in  the  early  days  of  March ;  and  at  San-Blas,  in  Ca- 
lifomia,  it  rarely  rains  before  the  middle  of  Jane.  As  the 
son  pasKS  twice  over  the  aenith  of  each  place,  we  find  that 
in  those  which  are  near  to  the  tropics  a  very  considerable 
quantity  of  rain  falls  twice  a-year,  and  at  very  near  inter- 
laJs.  Jm  countries  situated  near  the  equator,  where  the 
times  of  the  passage  of  the  zenith  are  separated  by  a  longer 
iBfterval,  there  are  two  rainy  and  two  dry  seasons. 

The  nor^em  lunit  of  these  periodical  rains  is  not  exactly 
known.  At  Havanna,  in  the  iuand  of  Cuba,  and  at  Bio  de 
Janeiro,  climacteric  conditions  have  been  noticed,  which  haye 
aone  analogy  with  those  of  high  latitudes.  In  the  desert  of 
Sahara  the  limit  appears  to  be  about  16°  of  N.  lat.,  but  on 
the  two  seas  that  wash  the  coast  of  Africa  it  is  some  degrees 
more  northerly. 

in  India,  the  alternation  of  seasons,  compared  with  that 
existing  between  the  tromcs,  is  no  less  anomalous  than  the 
direction  of  the  winds.  The  west  coast  of  this  peninsula  has 
its  season  of  rains  durins  the  S.W.  monsoon ;  whilst  its  dry 
season  preyails  during  the  N.£.  monsoon.  When  the  wind 
that  blows  from  the  S.W.  is  forced  to  ascend  along  the  flanks 
of  the  Ghauts,  the  yapours  condense  on  their  summits,  and 
there  are  yiolent  storms  almost  eyeiy  day.  In  the  interior 
of  the  country  the  rains  are  rare,  and  on  the  eastern  coast 
the  sky  is  serene.  The  rains  are  most  abundant  in  July. 
Daring  the  N  JS.  monsoon  the  same  succession  is  noticed  on 
ike  coast  of  Coromandel ;  but  the  mountains  not  being  so 
■teep,  the  rains  are  not  so  heayy.  During  this  time,  the  ^y 
is  perfectly  serene  on  the  west  coast.  The  table-land  of  the 
Deocan  partakes  in  the  climate  of  the  two  coasts.  The  dis- 
tribotion  of  rain,  during  the  seasons,  depends  on  the  distance 
of  the  different  points  from  the  sea.  According  as  they  are 
Bearer  the  western  or  the  eastern  coasts,  the  course  of  the 
seasons  is  analogous  to  that  of  the  oorrespondine  coast. 
Some  places,  situated  to  the  middle  of  the  peninsuh,  haye 
partial  rains  throughout  the  year ;  or  else  they  haye  twa 
wuarima  in  the  year. 

The  quantity  of  water  that  fidls  in  these  oonntries  du-^ 
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rinff  the  space  of  each  month,  is  more  considerable  than  that 
of  tne  whole  year  with  us.  In  places  situated  near  the  sea, 
we  may  admit  that  from  190  to  320  centimetres  of  water  faU 
during  the  year.  Jjet  us  add  that  it  never  rains  but  in  cer- 
tain months,  and  only  during  one  or  two  hours  of  the  day, 
which  renders  the  contrast  still  more  striking.  The  drops  of 
water  are  enormous,  very  close  together,  and  reach  the  earth 
with  great  violence.  But  if  we  penetrate  into  the  interior 
of  countries,  or  ascend  considerable  heights,  the  quantity  cf 
rain  diminishes.  At  Seringapatam,  in  £idia,  and  at  B<MK>ta, 
in  America,  it  is  hardly  greater  than  that  observed  in  Gfer- 
many. 

RAIN8  IN  HIGHER  UkTlTODES. — The  periodicity 
of  rain  disappears  as  we  go  further  from  the  equator.  Yet 
we  are  in  want  of  certain  &cts  in  order  to  determine,  in  a 
positive  manner,  the  transition  from  one  mtem  of  climate 
to  anotiier.  While,  between  tiie  tropics,  the  greatest  quan- 
tities of  rain  fall  when  the  sun  is  at  the  zenith,  that  is  to 
say,  in  a  season  corresponding  to  our  summer ;  north  of  the 
tropics,  it  rains  more  abundantly  in  winter.  If  we  designate 
the  annual  quantity  of  rain  by  100,  we  have,  for  the  few 
places  hitherto  observed : — 

SBLATIVE  QUASTrriES  OF  SAIN  IH  THE  DIFFERBXT  8BASOH8. 


MADEIRA. 

LISBOir. 

MAFRA. 

Winter     . 
Spring 
Summer  . 
Autumn  . 

50,6 

16,3 

2,8 

80,8 

39,9 

83,9 

8,4 

22,8 

58,4 

27,5 

2,7 

16,4 

So  that,  under  this  parallel,  it  rains  most  in  winter,  and 
the  Quantity  of  rain  that  falls  in  summer  is  altogether  in- 
-signincant.  The  same  relation  is  found  on  the  N.W.  coast 
of  Africa,  and  in  the  Canary  Isles.  This  contrast  between 
climates  situated  on  the  two  sides  of  the  trade-winds  is 
very  remarkable ;  it  is  a  sudden,  not  a  gradual  transition,  as 
might,  d  pyioriy  be  imagined.  I  insist  on  this  fiict,  to  shew 
how  mucn  it  is  in  contradiction  to  the  assertions  hazarded  by 
ancient  meteorologists. 

This  sudden  change  is  easily  deduced,  from  what  I  have 
said  in  general  of  the  precipitation  of  acjueous  vapours.  The 
cause  may  most  frequently  be  recognised  in  a  mixture  of 
strata  of  air  of  unequal  temperatures.    Now,  variable  winds 
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often  bring  about  this  conflict.  In  summer,  the  regular  east 
wind  extends  as  far  as  the  coast  of  Portugal  (p.  47). 
Hence,  there  are  less  disturbances  in  the  equilibrium  of  the 
atmosphere.  The  formation  of  clouds  is  then  much  more 
rare  than  during  the  variable  winds  of  winter. 

RAINY  WINDS  IN  EUROPE.— On  collecting  all  that 
IB  known  in  the  different  climates  of  Europe,  we  are  led  to 
establish  three  hvetographic  regions :  1st,  that  of  England 
and  the  west  of  France,  which  extends  in  a  modified  form 
even  into  the  interior  of  the  Continent ;  2d,  that  of  Sweden 
and  Finland ;  3d,  that  of  the  coasts  of  the  Mediterranean. 
The  limits  of  these  regions  are  not  always  rigorously  de- 
fined; they  are  not  clearly  recognised,  except  in  points 
where  they  are  marked  by  great  chains  of  mountains.  Every 
where  else  the  transitions  are  found  to  be  verv  orderly.  The 
differences  of  these  three  groups  consist  in  the  different  di- 
rection of  the  rainy  winds,  and  of  the  distribution  of  the 
quantity  of  water  which  falls  each  year. 

Let  us  consider  the  part  of  Europe  north  of  the  Alps 
and  the  Pyrenees ;  the  predominance  of  west  winds,  a  v^ 
ocean  on  one  side,  a  great  continent  on  the  other,  are  the  de- 
termining circumstances  of  the  distribution  of  rains.  If  the 
N-E.  wind  always  prevailed,  even  at  a  conaderable  height, 
it  would  never  rain ;  for  it  passes  over  lands  before  arriving 
St  the  low  latitudes,  where  the  elevation  of  temperature  re- 
moves the  vapours  from  their  point  of  condensation.  If  the 
S.W.  wind,  on  the  contrary,  blew  without  ceasing,  it  would 
always  rain ;  for,  as  soon  as  the  moist  air  gets  cool,  the  va- 
pour of  water  is  precipitated.  In  spite  of  their  alternations, 
these  winds  always  preserve  their  relative  character.  If  we 
inquire,  with  M.  de  Buch,  how  many  times  each  wind  brings 
rain,  these  results  become  evident.  In  100  showers,  whicn 
fell  at  Berlin,  the  different  winds  blew  in  the  following  pro- 
portions : — 

xi.  lf.B.  S.  S.B.        8.  S.W.  IV.  VrnTt* 

4,1       4,0        4,9        4,9      10,2     32,8         24,8      14,4 

Thus,  scarcely  any  rain  fell  with  the  N.E.  wind,  whilst  at 
least  half  are  brouffht  by  the  W.  and  S.W.  winds.  But  the 
winds  do  not  all  dIow  an  equal  number  of  times  in  the 
course  of  the  year.  The  number  of  times  that  each  wind 
has  blown  must,  therefore,  be  divided  by  the  number  cor- 
responding to  each  wind  in  the  preceding  table.  We  then 
obtain  the  following  numbers : — 

V»  ri.E.  E.  8.E.  £•  S.W.  W.  A.  W. 

^,8        8,1         8,8       6,9       3,8         2,8        4,2  4,5 
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The  law  is  always  the  same :  out  of  nine  times,  which  the 
east  wind  blows,  it  only  rains  onoe ;  whilst  it  rains  once  in 
three  times  daring  the  S.W.  wind.  The  influence  of  seasons 
18  also  recognised.  Whilst  it  frequently  rains  in  winter  du- 
ring £.  or  1^.  winds,  these  same  winds  are  almost  always 
dry  in  summer.  This  fact  accords  yery  well  with  what  we 
have  said  on  the  relative  humidity  of  the  different  winds ; 
for  with  east  winds  the  air  is  yery  dry  in  summer,  but  yery 
moist  in  winter. 

Bains  brought  by  N  J^.  winds,  are  eyen  very  different 
from  those  brought  by  the  S.W.  When  the  "N-E.  wind 
suddenly  begins  to  blow,  the  temperature  falls ;  laiffe  dropa 
of  rain  udl  in  abundance  for  seyenJ  moments :  the  ury  then 
again  becomes  serene.  In  S.W.  winds  the  rain  is  fine,  and 
Iwts  a  long  time. 

So  the  rains  are  in  general  due  to  a  cooling,  and  to  the 
precipitation  of  the  yapour  brought  by  the  S.W.  winds.  In 
high  latitudes,  on  the  contrary,  the  N  J2.  winds  suddenly 
oool  masses  of  air,  whidi  can  then  no  longer  contiun  ya- 
poors  in  the  elastic  state.  As  these  winds  succeed  each  other 
with  a  certain  regularity,  which  we  will  treat  of  in  detail 
in  Barometry,  there  must  follow  a  yery  regular  suocessioa 
of  chan^  in  the  weather :  on  this  we  will  now  make  a  few 
obaenrationa. 

When  the  weather  has  been  fine  for  a  long  tune,  and  a 
S.W.  wind  begins  to  blow  in  the  higher  regions  of  the  at- 
XBOsphere,  cirri  make  thdr  appearance,  and  soon  coyer  the 
aky.  Beneath  them  is  fona&i  a  stratum  of  cunwhuy  which 
allows  a  liffht  rain  to  escape.  The  wind  turns  to  the  west, 
the  douds  become  thicker,  the  rain  falls  more  abundantly, 
and  the  air  beccHnes  colder.  With  the  N.  or  N.W.  wind 
the  lain  continues,  although  the  thermometer  falls.  In  win» 
ter,  the  rain  passes  into  the  state  of  snow.  If  the  ram  does 
not  entirely  cease  with  the  N.  wind,  it  is  not,  howeyer,  con- 
tinuous ;  tne  blue  of  the  sky  is  seen  in  the  intervals  which 
separate  the  clouds.  Showers  alternate  with  sunshine,  es- 
peciaUy  with  the  N.E.  wind ;  but  if  the  wind  passes  to  the 
E.  or  the  S.,  the  sky  is  then  covered  with  small  rounded 
etamiU^  or  else  it  becomes  perfectly  serene. 

These  phenomena  succeed  eacn  other,  in  an  almost  md- 
form  manner,  over  laige  surfaces.  Mountain  chains  alone 
have  the  power  of  slightly  modifying  the  succession  of  phe- 
nomena. If  they  extend  from  N.  to  §.,  they  arrest  the  S.W. 
wind,  and  it  will  rain  more  on  their  western  than  on  their 
eastern  side.  Thus,  the  S.W.  is  not  the  rainy  wind  in  the 
south  of  Germany,  but  the  N.W. ;  because  tne  S.W.  winds 
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lose  the  water  with  which  they  are  charged  when  they  ar- 
nve  on  the  other  side  of  the  Alps. 

The  same  thing  happens  in  the  Scandinavian  peninsuhu 
On  the  W.  side  of  Norway,  the  rain  faUs  for  entire  days 
during  S.W.  winds ;  the  sunmiits  of  the  Scandinavian  Alps 
are  covered  with  hoar-frost ;  and  on  the  other  side  of  the 
chain  only  a  few  drops  disturb  the  serenity  of  the  iky  of 
Sweden.  The  sea-winds  lose  the  moisture  with  which  they 
were  charged  in  traversing  the  large  table-land  that  sepa* 
rates  the  two  countries,  so  that  it  rains  more  frequently  in 
Sweden  with  E.  than  with  W.  winds.  The  nnxn  that  this 
is  not  connected  with  the  vapours  which  rise  from  the  Bal- 
tic, IB,  that  a  similar  relation  is  found  in  Finland.  Where- 
cver  this  region  of  rainy  east  winds  comes  into  contact 
with  that  of  the  rainy  west  winds,  it  rains  indifferently  with 
all  winds :  this  is  remarked  at  St.  Petersbni]^.  We  are  still 
in  want  of  a  sufficient  number  of  observations,  in  order  to 
follow  out  these  laws  into  their  details. 

I  leave  the  considerations  of  the  Mediterranean  dimate 
to  the  end  of  the  following  chapter. 

DISTRIBUTION  OF  RAIN  AMONG  THB  BI7FBB* 

BNT  8BABON8.->If  the  quantity  of  rain  that  falls  in  dif- 
ferent parts  of  Europe  is  measured,  it  is  found  to  be  less, 
other  things  being  equal,  as  we  recede  from  the  sea-shore. 
Thus,  on  the  west  coast  of  England,  95  centimetres  &11 
per  year.  On  the  east  coast,  in  the  iuteiior  of  the  country, 
not  more  than  65  centimetres  fall.  In  passing  over  the 
eountry,  the  W.  winds  have  already  discharged  a  large  por- 
tion of  the  water  they  held  in  suspension.  On  the  coasts  of 
France  and  Holland,  the  quantity  of  rain  is  68  centimetres; 
in  the  interior,  65  centimetres ;  m  the  plains  of  Germany, 
54 ;  and  at  Petersburg  and  Buda,  43  and  46  centimetres.'* 
We  arrive  at  this  same  result  by  calculating  the  number  of 
rainy,  days  in  each  country,  comprisingTunder  this  denomi- 
nation, all  those  during  which  it  has  rained  little  or  much. 

*  The  mean  annual  quantity  of  rain  that  f^Il  at  Paris,  firom  1689  to  1754» 
according  to  M.  Aukoo  iAmnuure  for  )8M),  is  456^.  From  1805  to  t8», 
there  fell  at  Paris,  at »  mean,  d08"»  of  water  per  year ;  and  at  London,  from 
1812  to  18S7,  633>>«,  according  to  HoWAKD.  Between  1831  and  1841,  this 
<ia«ntity  at  London  was  460»>  {VInstitui,  Nor.  10,  1841) ;  at  Maestricht, 
704**  between  1823  and  1833  (Ckahat,  M(m.  Acad.  Brm.  t.  x).  In  the  weat 
of  France,  Uie  annual  qoantity  of  rain  is  also  very  considerable :  at  Bour- 
deaax,  657">« ;  at  La  Rochelle,  654"»>.  It  is,  howerer,  less  than  in  the  east ; 
ftv  at  Strasbourg,  from  16  years  of  obsenrationa,  691—*  ikll  amwalty ;  and 
«t  Mulhouse,  768«".  The  latter  number  was  deduced  from  a  series  of 
only  six  years.  iVidt  Kasmtz,  LehrbwA  der  Meteorohgie,  t.  1.  pp.  4B5— 
4S8.)-M. 
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In  England  and  the  west  of  France  there  are,  at  a  mean, 
152  nuny  days  in  the  year ;  in  the  interior  of  France,  147 ; 
in  the  plains  of  Germany,  141 ;  at  Buda,  112;  at  Kasan, 
90 ;  and  in  the  interior  of  Siberia,  only  60. 

Not  only  does  less  rain  fall  in  the  £.  than  in  the  W.  re« 
nons  of  Europe,  but  this  rain  is  sufficiently  shared  among 
the  seasons.  If  we  express  the  annual  quantity  of  rain  by 
100,  we  shall  find  the  roUowing  number  for  that  which  falls 
in  each  season : — 

PBOPOBTJONAIi  QUANTrriES  OF  EA.IN  IN  EUBOPE, 
IN   THE   DIITBKSNT   SEASONS. 


of 

IMTSEIOB 

of 
England. 

WMtT 
Of 

France. 

BAST 

of 
Franee. 

OnMAMT. 

PBTXHS- 
BUBQH. 

Winter 
Spring 
Summer 
Autumn 

26,4 
19,7 
23,0 
30,9 

23,0 
20,5 
26^0 
30,4 

23,4 
18,3 
25,1 
33,3 

19,5 
23,4 
29,4 
27,3 

18,2 
21,6 
37,1 
23,2 

13,6 
19,4 
36,5 
30,5 

{Vide  Appendix, >^.  15.) 

In  spring,  about  the  fifth  part  of  the  total  Quantity  falls 
every  where ;  we  will  not,  therefore,  dweU  on  tnis  season,  in 
order  that  we  may  turn  all  our  attention  to  winter  and  sum- 
mer. Let  us  compare  these  two  seasons,  and  represent  by  I 
the  quantity  of  rain  that  falls  in  winter ;  that  which  wla 
in  summer  will  be  expressed  by  the  following  numbers : — 

EELATITE  QUANTITT  OF  BAIN  IN  SUMMBB. 


West  of  England 
East  of  England 
West  of  France 
East  of  France 
Germany 
Petersburg     . 


Thus,  while  in  the  west  of  England  the  quantity  of  water 
that  falls  in  summer  is  to  that  which  falls  in  winter  as  9  to 
70,  this  relation  entirely  changes  as  we  penetrate  into  the 
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continent.  On  the  west  coasts  of  France,  the  quantities  of 
water  are  veiy  nearly  equal.  In  Germany,  twice  as  much 
water  falls  in  summer  as  in  winter ;  and  at  Petersburg,  the 
quantity  of  rain  in  winter  is  onlya  little  more  th^n  a  third 
of  that  which  falls  in  summer.  The  days  of  rain  follow  the 
same  laws.  On  the  west  coast  of  England,  they  are  more 
numerous  in  winter  than  in  summer;  while  in  the  interior 
of  Siberia,  it  rains  four  times  more  frequently  in  summer 
than  in  winter.'* 

In  the  sequel  we  shall  often  have  occasion  to  revert  to  the 
laws  that  we  have  established.  Let  us  simply  add,  that  a 
clouded  stratum  of  the  sky  and  the  longer  or  shorter  periods 
of  fine  weather  are  their  more  immediate  consequences. 
During  whole  days,  the  sun  is  invisible  in  England,  whilst 
a  clear  sky  is  extended  over  continental  Europe ;  in  summer 
it  is  precisely  the  contrary. 

These  cumatologic  differences  are  connected  with  two 
causes.  In  equal  latitudes,  the  air  is  hotter  above  the  At- 
lantic Ocean  tnan  above  the  earth.    When  the  west  winds, 

*  To  M.  de  Gabpaun  we  are  indebted  for  an  extensiTe  work  on  the  dis- 
tribtttlon  of  raliu  in  Europe.  Representing  the  annuftl  quantity  ot  raina  by 
100,  he  eitpreaaes  the  quantities  that  fell  in  the  different  seaaona  by  aliquot 
parts  of  thla  number,  which  seasons  be  dirides  differently  ttom  other  mete- 
orologists: his  summer  months  are  July,  August,  and  September.  This 
being  laid  down,  he  dlTides  Europe  into  two  regions — the  one  on  the  N.E., 
where  the  greatest  quantity  of  rain  C&Ils  in  summer ;  the  other  on  the  8.W., 
where  it  faus  In  autumn.  The  region  of  the  autumnal  rains  extends  as  fiur 
as  the  Atlas.  Continental  Germany  belongs  to  that  of  summer  rains.  Paris 
Is  on  the  limit  of  the  two  regions.  (Vide  BMtoeheqitc  Unt'p,  t.  xzzTiii. 
pp.  M  and  264.) 

When  a  month  Is  rery  rainy,  the  generality  of  mankind  are  apt  to  Ima- 
gine that  the  climate  of  the  place  which  they  inhabit,  or  eren  that  of  the 
whole  world,  is  deteriorated.  This  took  place  at  Paris,  in  the  month  of 
April,  1S37.  To  put  an  end  to  these  ridiculous  reports,  M.  Akaoo  opened 
the  reg^otera  of  the  Obserratory,  and  shewed  that  the  quantity  of  rain  which 
feu  In  April,  1837,  and  which  amounted  to  63<»",  was  lower  than  that  of  four 
anterior  years,  when  It  was. 


in  ottier  years  is. 


In  1839  .  .  .  69» 

1821  ...  68  „ 

1818  ...  66 ,1 

1833  .  .  .  64  ., 

V  of  rain  were  17  in  number. 

Kow  their  number 

1833  ...    29  days. 

1829  ....  25  „ 

1830  ....  22  „ 

1804  ....  19  „ 

1818  ....  18  „ 

1821  ....  18  „ 

1805  ....  17  „ 

It  is  the  same  with  the  conclusions  that  are  drawn  &om  the  somewhat, 
•levated  mean  temperatures  that  are  obeenred  in  certain  months.  (Comjvfrr 
rendu*  de  I' Acad*  des  Scieticet,  t.  ir.  pp.  653  and  822.  1837.)— M. 
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loaded  wiUi  the  yapour  of  water,  begin  to  blow,  the  latter  is 
precipitated  as  soon  as  they  come  into  collision  with  the 
colder  winds  of  the  Continent.  Add  to  this,  that  the  doudB 
axe  mnch  lower  in  winter  than  in  summer,  and  are  stopped 
by  less  elevated  chains  of  mountains.  In  summer  they 
pass  above,  and  discharge  the  water  vrith  which  they  are 
loaded,  into  the  interior  of  the  continents ;  this  latter  cir- 
cumstance is  the  more  influential,  as  the  greater  part  of  the 
summer  rains  are  due  to  ascending  currente,  which  draw  the 
Taponrs  and  clouds  toward  the  nigher  regions  of  the  at- 
mosphere ;  a  phenomenon  that  oocnrs  much  more  frequently 
on  tne  continent  than  in  England.    For  example, 

in  Scandinavia  the  transition  of  a  sea-climate  into  a  con- 
tinental  climate  is  seen  in  a  small  space.  At  Bergen,  there 
fall  annuslly  2*,2iS  of  water,  which  is  more  than  at  any 
other  city  in  Europe,  and  more  than  on  many  points  atn- 
ated  within  the  tropics.  This  is  because  the  clouds  are 
driven  forward  by  the  S.W.  winds  into  the  fiords  of  Norway, 
where  they  are  arreted  by  the  mountains ;  they  there  ac- 
cumulate, and  the  water  is,  as  it  were,  mechanically  squeezed 
out.  In  Sweden  only  fifty-four  centimetres  of  water  fall  at 
a  mean,  and  the  relation  between  the  summer  and  the  winter 
rains  is  entirely  chaneed;  for  whilst,  in  Norway,  the  quan- 
tity of  water  that  fidb  in  summer  is  only  three-fourths  of 
that  which  falls  in  winter,  localities  are  found  in  Swedot 
where  the  relations  are  the  same  as  on  the  Continent. 

RAXM8    ON    THB    COASTS    OF    THB    MBDITBB- 

RANBAN. — The  Atlantic  is  the  great  reservoir  of  raina 
for  the  European  regions  that  we  have  hitherto  been  con- 
sidering, but  It  has  little  influence  over  the  climate  of  coun- 
tries situated  on  the  north  of  the  Mediterranean.  The  west 
winds  discharge  the  water  they  contain  on  the  Pyrenees,  the 
mountains  of  the  Spanish  peninsula,  and  those  of  the  south 
of  France.  The  S.  VV.  wind,  coming  from  the  equator,  pre- 
vails at  the  same  time  with  the  south,  engendered  by  the 
buminff  deserts  of  Sahara,  and  which  gives  rise  to  many 
local  wnirlwinds,  while  the  north  winds  blow  on  the  Medi- 
terranean (vide  p.  45).  This  wind  is  distinguished  by  its 
dryness  and  its  elevated  temperature;  also,  when  the  as- 
cending current  takes  the  vapours  upward,  they  arrive  in  a 
dry  air,  and  do  not  condense,  especially  if  the  wind  blows 
violently. 

The  valley  of  the  Rhone,  in  the  south  of  France,  is 
watered  by  an  annual  quantity  of  rain  scarcely  superior  to 
that  which  falls  in  Grermany ;  but  its  division  among  the 
various  seasons  is  very  different,  for,  in  summer,  scarcely  ten 
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per  cent  of  the  total  quantity  falls,  and,  in  autumn,  forty 
per  cent.  If,  starting  from  the  sea-coast,  we  ascend  the 
valley,  the  quantity  of  rain  falling  in  summer  increases  at 
every  step,  and  the  relations  that  exist  in  the  east  of  France 
are  founa.  The  influence  of  the  Mediterranean  climate  la 
even  felt  at  Geneva.* 

With  respect  to  the  distribution  of  rains,  Italy  shews  very 
Temarkable  focal  differences,  but  we  cannot  follow  them  into 
their  details  on  account  of  the  deficiency  of  observatioiur. 
Not  only  are  the  rainy  winds  not  the  same  as  in  Europe, 
Imt  dirorences  are  found  between  those  of  the  plains  of 
Lombaidy  and  those  of  the  western  coast.  At  radua,  it 
more  frequently  rains  with  north  and  N.£.  winds ;  for,  one* 
third  of  the  total  qcumtity  of  rain  falls  with  the  fenner  of 
these  two  winds.  The  south  and  S.W.  winds  bring  only 
one-twentkth  of  the  total  quantity.  If  we  note  the  fre- 
quency of  the  winds,  we  shall  see  that  the  south  and  S.  W. 
winds  blow  ten  times  without  any  ndn  fidling,  while  die  NJS. 
wmd  never  blows  four  times  without  its  raining:  this  is 
precisely  the  contrary  to  what  happens  in  Grermany.  But 
the  north  winds,  that  so  frequently  bring  rain  to  Padua, 
<Hil^  blow  alon^  the  surface  of  the  ground ;  the  south  winds, 
which  prevail  m  the  higher  regions  of  the  atmosphere,  ae- 
^mnmlate  the  clouds  agamst  the  Alps ;  and  the  north  wind, 
which  is  reflected  on  the  mountains,  brings  them  ba^  to  the 
pUuns  of  Lombardy .  On  the  contrary,  u  high  doads  come 
from  the  north  to  the  south,  fine  weauer  may  be  calculated 
•on. 

*  The  following  table,  due  to  M.  Bbatau,  shewi  the  mode  of  the  diital- 
Imtloa  of  ndn  aooording  to  the  dtiVerent  seasons  of  the  year  In  the  valley  of 
the  SaAne  and  the  Rhtae.  both  to  the  north  and  the  south  of  the  parallel  of 
Yhriers.  He  has  placed  the  numbers  relating  to  Geneva  and  Milan  opposite, 
en  account  of  the  proximity  of  these  cities,  and  of  the  translt&on  whion  thcj 
exhibit  l>etween  the  climate  of  the  valley  of  the  Rhdne  and  that  of  Qmomoj 
and  Italy ;  and,  finally,  because  these  nam1>en  might  inspire  great  confidence, 
as  they  are  the  mean  of  a  Mvy  great  manjf  years  of  observation : — 


Basin  of  thb  RndNE. 

Gbmxya. 

MlLAH. 

North    1 
ofViv 

South 

OSS. 

Whiter    . 
8|viag .    . 
Summer  . 

Year    .    . 

mm. 
19,6 

22,0 
»4,0 

mm. 
22,0 
24,7 
12,6 
40^6 

mm. 
21,6 

213 
29,7 

26.9 

mm. 
20,9 
84,1 

2M 
81,6 

100,0 

100,0 

100,0 

100,0 
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At  Rome,  it  rains  with  north  and  south,  hut  rarely  with 
intermediate  winds.  With  regard  to  frequency,  out  of 
twelve  times  that  the  wind  hlows  from  the  north,  rain  is 
once  hrought,  while  the  south  wind  never  hlows  three 
times  without  water  falling.  At  Fadua,  the  north  wind  is 
reflected  on  the  Alps ;  at  Rome,  the  rain  comes  from  the 
Apennines,  which  are  situated  to  the  east  of  that  city. 

On  examining  the  distribution  of  rain  in  Italy,  we  must 
distinguish  the  coasts  of  the  Adriatic  Sea,  and  in  particular 
Dalmatia,  from  the  countries  situated  beyond  the  Apennines. 
On  the  entire  west  coast,  ten  per  cent  of  the  whole  annual 
quantity  of  rain  falls  in  summer.  The  fact  was  even  Imown 
by  the  ancients,  when  they  said  that  in  Italy  it  does  not  rain 
with  the  etesian  winds  ;*  it  is  the  same  in  Greece.  The  cur- 
rent of  Sahara  is  very  violent  in  the  higher  regions,  and  the 
vapours  that  are  raised  are  not  able  to  saturate  this  dry  and 
hot  air.  This  does  not  happen  if  the  regularity  of  the  winds 
is  disturbed,  and  when  tne  ascending  current  blows  with 
much  force ;  the  sky  is  then  cloudy ;  and  there  are  soon 
drops  of  rain  and  storms,  but  the  clouds  are  not  long  before 
they  disappear  again. 

As  soon  as  we  traverse  the  Apennines  other  relations  are 
established ;  the  superior  is  no  longer  the  prevailing  cur- 
rent :  this  is  espeaally  striking  in  the  great  valley  of  the 
Fo.  On  the  coasts  of  the  Adnatic  Sea  analogous  relations 
are  found,  although  less  marked  than  on  the  west  coast ;  in 
ascending  toward  the  north,  the  summer  rain  increases  with- 
out ceasmg,  the  winter  rains  diminish ;  and,  in  this  respect, 
the  climate  of  Turin  is  entirely  comparable  with  that  of 
Germany.f 


*  "  Ventl  modo  adducunt  nubes,  modo  diducunt,  ut  per  totum  orbem 
pIuTbe  dlTidi  possent.  In  Italiam  Auster  impelUt,  Aquilo  In  AiHcam 
r^icit:  EtMUB  non  patiuntur  apud  nos  nubes  oondstere.  lidem  totanb 
Indiam  et  .Sthiopiam  oontlnuis  per  id  tempus  aquis  irrigant."— (Sensc.^ 
(tuest.  Nat.  ▼.  18.) 

t  In  his  beautiftil  worlc,  entitled.  Table  qf  the  ClinuUe  qf  Italy  (Copen- 
hagen, 1S39),  M.  BcHODW  has  divided  this  country,  in  a  hyeiographio  point 
of  Tlew,  into  four  principal  belts. 

The  first,  called  the  Alpine  beltt  comprehends  twenty-three  stations,  si- 
tuated to  the  north  of  the  south  deeliTltyjof  the  Alps,  such  as  Udine,  Bellune, 
Conegliano,  Feltre,  Castelflranco,  &c.  The  mean  annual  quantity  of  rain 
that  &ls  there  is  1-,3C8. 

The  Iranspadane  belt  comprises  Trieste,  Venice,  Bfantua,  BCilan,  &c. 
The  annual  quantity  of  rain  is  Ob,869. 

In  the  cispadane  belt,  containing  Parma,  Bologna,  Ferrara,  frc.  it  is  as 
low  as  0",665. 

Finally,  in  the  Apenmine  belt,  which  comprises  all  the  towns  occupying 
the  west  and  the  east  sides  of  this  chain,  fh>m  Genoa  to  Palenno,  the  quan- 
tity of  rain  diminishes  ilrom  north  to  south ;  for  it  is  great  at  Oenoa  and 
Lucca ;  one-half  less  at  Borne  and  at  Palermo,  and  still  less  at  the  east  of 
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The  same  appears  to  be  the  case  on  all  the  coasts  of  the 
Mediterranean ;  in  Syria,  as  well  as  in  the  north  of  Africa, 
it  rarely  rains  in  summer,  but  frequently  in  winter.  Hence 
that  perpetually  serene  sky,  of  which  travellers  sp^  with  so 
much  enthusiasm.  Such  a  climate  may  be  conceived  to  have 
a  great  influence  over  vegetation ;  that  of  the  south  coasts  of 
the  Mediterranean  is  characterised  by  a  great  many  peculiar 
species.  Those  species,  first  distinguishable  around  Mont- 
pellier  and  Marseilles,  are  foimd  on  all  the  west  coast ;  but, 
as  soon  as  the  hill  of  Tende  is  passed,  a  vegetation  is  seen 
which  approaches  that  of  Germany.  These  differences  are 
not  connected  merely  with  that  existing  between  the  mean 
temperatures,  but  also  with  the  influence  of  a  more  uniform 
temperature. 

The  distribution  of  rains  in  Europe,  and  particularly 
the  summer  rains  of  Germany  and  the  autumn  rains  of 
Italy,  have  been  deduced  by  Ml  Dove  from  a  law  somewhat 
different.  As  the  vapour  of  water  is  abundantly  precipitated 
when  two  winds  contend,  he  explains  them  by  the  greater 
extension  of  the  trade-wind  in  summer.  Then  the  upper 
S.AV.  currents  touch  the  ^ound  only  in  the  high  latitudes,, 
while,  in  winter,  they  arrive  here  even  in  lower  latitudes. 
This  is  why  the  greatest  quantity  of  water  which  falls  in 
summer  in  the  north  of  Europe  is  due  to  the  collision  of  two 
\iind8.  At  the  equinoxes,  they  touch  the  earth  in  the  Medi- 
terranean region;  hence  the  violent  autumnal  showers  in 
these  countries.    When  the  declination  of  the  sun  is  south, 

the  Apemiinef.    Also,  at  Lucca  and  Turin,  only  0*)488  of  water  fUla  per 
jear. 

I  bare  extracted  flnom  M.  ScBouir's  tables  the  meen  quantity  of  rain  that 
falls  In  the  different  seasons  of  the  year  bx  each  of  the  belts  that  he  has 
traced  ont : — 


MEAN  QDAKTITT  OF  EAIH  XM  THB  DIVTSUirr  SSASOIIS,  IM  ITALT. 


RaozoNs. 

SrmtKG. 

SuMMim. 

Aunrmr. 

WlKTO. 

Alpine  belt  .    .    . 
Transpadane  belt . 
Cispadane  l>eU .    . 
Apenninebelt  .    . 

mm. 

831 

210 

137 

210 

mm. 

994 

229 

137 

121 

mm. 
480 
291 
219 
321 

801 
197 
140 
263 

We  at  once  recognise  in  this  table  the  Influence  of  latitude  and  that  of 
mountains.  Thus,  the  annual  quantity  diminishes  as  we  approach  the 
south;  and  the  neighbourhood  of  mountaini  determines  heavy  rains  in 
^ring,  autumn,  and  winter.— M. 

H 
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the  winter  rains  inundate'the  north  of  Africa ;  in  spring,  the 
conflict  is  in  the  south  of  Europe ;  and,  in  this  season,  the 
rains  are  abundant. 

Although  this  theory,  which  has  so  many  relations  with 
the  distribution  of  rains  within  the  tropics,  explains  to  us 
many  obscure  points,  we  should  nevertheless  not  forget  the 
relations  that  exist  between  the  countries  situate  north  and 
south  of  the  ^Mediterranean.  In  spring  and  autumn,  periods 
when  the  Sahara  current  begins  and  finishes,  eddies,  like 
those  which  accompany  changes  in  the  monsoons,  determine 
frequent  rains.  But  the  winter  rains,  so  abundant  on  the 
west  coast  of  Europe,  cannot  be  explained  otherwise  than  we 
have  given  them. 

It  is  to  be  regretted  that  we  do  not  possess  a  greater 
amount  of  information  on  the  distribution  of  rains  in  the 
rest  of  the  world.  Existing  observations  are  insufficient. 
Let  us  simply  observe,  that  the  west  coasts  of  the  two  Ame- 
ricas are  distmguished  by  abundant  winter  rains,  whilst  the 
contrary  occurs  on  the  eastern  coast ;  the  total  want  of  con- 
tinuous series  made  in  these  latitudes  does  not  permit  of  our 
establishing  more  precise  laws. 


IV. 


DISTRIBUTION  OF  TEMPERATURE 


ON  THE 


SURFACE  OF  THE  GLOBE, 


Odb  researches  on  the  modification  of  the  atmosphere 
commenced  by  the  study  of  Heat ;  from  which  we  deduced 
the  theory  of  winds  and  hydrometeors.  These  two  orders  of 
phenomena  exercise,  in  their  turn,  the  greatest  influence 
over  the  range  of  temperature,  and  determine  the  anomalies 
which  it  presents.  To  this  subject  we  will  now  specially 
direct  our  attention. 

REDUCTION  OF  GAIaORIFXC  IMTBN8ITY  IN  THB 
PASSAGE   OF    HEAT  THROUGH    BODIES. — Calorific, 

like  luminous  rays,  undergo  certain  modifications  in  their 
passage  through  bodies.  Although  transparent  media  are 
also  tnose  which  allow  heat  to  pass  with  the  greatest  faci- 
lity, there  are  yet,  in  this  respect,  notable  differences  between 
substances.  Thus  a  diatheimal  body  allows  all  the  rays  of 
heat  to  pass  without  itself  becoming  heated.  If  a  piece  of 
very  pure  ice  is  made  into  the  form  of  a  lens,  tinder,  placed 
in  its  focus,  may  be  ignited  by  the  simple  action  of  the  solar 
rays,  without  the  ice  being  melted. 

To  determine  whether  a  body  is  diatheimal,  we  first 
place  a  delicate  thermometer  in  the  focus  of  a  concaye 
mirror,  that  reflects  on  the  bulb  of  the  instrument  the 
light  of  a  taper :  another  thermometer  is  freely  suspended 
in  the  air.  The  difference  of  the  indications  of  the  two 
instruments  shews  the  influence  of  the  source  of  heat 
Suppose  this  difference  to  be  3^.  Now  interpose  between 
the  mirror  and  the  taper  a  plate  of  the  substance  you 
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desire  to  examine.  Grant  that  the  difference  of  the  two- 
thermometers  is  not  more  than  1°,5.  It  follows  from  this 
esroeriment,  that  the  plate  did  not  allow  more  than  half  the 
calorific  rays  to  pass,  whilst  the  other  half  contributed  to 
raise  its  temperature.  If  we  increase  the  number  of  plates 
of  the  said  body,  or  the  thickness  of  this  body,  the  propor- 
tion of  the  rays  absorbed  will  be  greater ;  for  we  still  sup- 
pose it  composed  of  plates  similar  to  the  former,  each  of 
which  absorbs  the  same  proportion  of  heat.  For  the  sake 
of  simplicity,  let  us  suppose  that  100  rays  arrive,  and  that 
the  first  plate  absorbs  one-tenth,  the  second  will  not  receive 
more  than  100 — 10=90  rays.  The  latter  will  also  absorb 
one-tenth,  that  b  to  say,  9.  The  third  will,  therefore,  re- 
ceive 90— 9a=81  rays,  and  will  absorb  8,1 ;  the  fourth  will 
receive  72,9  rays,  and  so  on.  By  expressing  these  relations 
mathematically,  we  may  reduce  all  bodies  to  the  same  thick- 
ness, and  calculate  the  relative  quantity  of  heat  which  they 
have  absorbed. 

Experiments  of  this  kind,  when  carefully  conducted,  not 
only  lead  us  to  recognise  the  different  diathermanity  of 
bodies,  but  to  divide  calorific  sources  into  two  orders ; 
those  which  are  limiinous,  such  as  the  sun,  the  light  of  a 
taper,  incandescent  metals;  and  those  which  emit  merely 
dark  calorific  rays,  such  as  a  vessel  filled  with  hot  water. 
Every  thing  proves  that  diathermic  bodies  absorb  a  much 
more  considerable  portion  of  obscure  than  of  luminous  rays. 
Without  seeking  to  explain  this  fact,  let  it  sufiioe  us  to  re- 
mark that  it  is  of  high  unportance  towards  our  understand- 
ing all  that  is  to  follow. 

RBDVCTION  OF  SOLAR  HEAT  DURING  ITS  PAS- 
SAGE THROUGH  THB  ATMOSPHERE.—If  we  follow 

the  march  of  the  sun  on  a  fine  dav,  we  shall  recognise, 
without  the  aid  of  any  instrument,  that  the  intensity  of  its 
heat  diminishes  with  its  height,  because  the  atmosphere 
absorbs  a  portion  of  the  luminous  ravs.  As  the  sun  descends 
toward  the  horizon,  the  rays  are  obliged  to  traverse  a  greater 
thickness  of  the  atmosphere,  in  order  to  reach  us.  At  the 
moment  of  its  setting,  its  light  is  so  feeble  that  we  can  con- 
template it  with  the  naked  eye.  It  is  the  same  with  its 
calorific  power.  Take  a  lens,  when  the  sun  is  passing  the 
meridian,  and  measure  the  time  necessary  to  inflame  tinder, 
for  example ;  in  proportion  as  the  sun  approaches  the  hori- 
zon more  time  will  be  required  to  light  it,  and  it  will  be 
even  impossible  when  this  planet  is  at  a  few  degrees  above 
the  horizon. 

In  order  to  measure  this  redaction  accurately,  we  must 


VEDVcnov  or  solas  heat.  149 

employ  a  thermometer  sufficiently  protected  against  the  wind 
ana  other  influences.  De  Saussiire  called  this  instrument 
a  heUothermometer.  Take  a  box,  the  interior  of  which  is 
coated  with  bodies  that  are  black,  and  also  bad  conductors 
of  heat,  and  which  is  closed  on  one  side  by  panes  of  trans- 
parent fflass ;  then  place  in  it  a  thermometer  with  a  black- 
ened bulb,  and  adjust  the  apparatus  so  that  the  sun*s  rays 
fall  perpendicularly  on  those  plates  of  class.  Herschel  pro- 
posed a  yery  different  apparatus,  whidi  he  named  an  acti" 
nometerJ'  But  the  heUothermometer  is  more  easy  to  con- 
struct, and  answers  the  same  purpose. 

If  this  apparatus  is  exposed  for  a  minute  to  the  sun's 
rays,  the  thermometer  rises.  However,  a  small  correction  is 
here  necessary.  Suppose  that  the  instrument  has  a  tem- 
perature lower  than  that  of  the  medium  in  which  it  is  placed, 
the  thermometer  would  rise  without  the  direct  influence  of 
the  sun ;  it  will  then  indicate  too  high  a  temperature.  To 
find  the  correction,  observations  must  be  made  for  three 
minutes.  After  having  arranged  the  apparatus  conve- 
niently, a  screen  is  placed  between  it  and  ttte  sun,  and  the 
indications  of  the  thermometer  are  read  during  this  space  of 
time :  suppose  that  it  has  risen  0°,3.  The  screen  is  then 
removed ;  m  the  minute,  during  which  it  receives  the  solar 
rays,  it  will  rise  1°,5  for  example.  The  screen  is  then 
replaced,  and,  in  the  third  minute,  it  will  rise,  sa^  0^1. 
Thus,  under  the  influence  of  the  circumambient  medium,  it 
rose  in  the  first  minute  0°,3 ;  in  the  third  minute  0°,1 ;  con- 
sequently, in  the  second  minute  it  must  have  risen 

?:i±H=  00,2. 

2  ' 

So  that,  during  the  second  minute,  the  sun  made  the 
thermometer  rise  1^5  ^  0°,2  =  1^3.  If  the  instrument 
has  fallen  during  the  first  and  the  third  minute,  the  mean  of 
those  fallings  should  have  been  added  to  the  solar  action. 
To  avoid  errors  of  observation,  the  observations  are  made  for 
eleven  minutes.  The  thermometer  is  exposed  to  the  solar 
Uffht  during  the  second,  fourth,  sixth,  &c.  minutes ;  the  mean 
•of  the  five  observations  is  then  taken. 

Measurements  of  this  kind,  when  made  during  days  that 
are  perfectly  serene,  shew  that  the  solar  action  increases 
with  the  height  of  the  sun  above  the  horizon.  The  follow- 
ing is  an  example : — 

'  Fide  note/.  Appendix,  No.  II. 
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Hdgfat  of  the  8<m. 

AKentoftheHelioU 

40°  80' 

2°,16 

37   35 

2,08 

24   30 

1,77 

21    30 

1,50 

In  order  to  deduce  from  these  observations  the  reductiott 
of  aolar  %ht  in  its  passage  through  the  atmosphere,  we 
should  know  exactly  the  course  of  the  rays  in  the  atmo- 
sphere, and  the  amount  to  which  the  thermometer  would 
nse,  if  it  were  placed  at  the  limits  of  our  atmosphere ;  that 
IS  to  say,  if  the  rays  were  not  weakened.  These  two 
elements  cannot  be  exactly  determined ;  but,  if  we  suppose 
the  atmosphere  limited  by  a  plane  parallel  to  the  horizon, 
at  a  height  of  about  20°,  which  is  true,  and  if  we  designate 
by  1  the  shortest  distance  from  the  observer  to  this  mane, 
we  may  express  the  length  of  the  course  of  the  Bun*s  lumi- 
nous rays  by  multiples  of  this  unity.  By  repeating  the 
experiment  at  different  heights  of  the  sun,  we  may  conclude 
•pprosimstely  the  <)naiitity  that  the  instriunent  would  rise, 
if  It  were  at  the  limits  of  the  atmosphere.  With  the  instru- 
ment that  I  employed,  this  quantity  was  3°,2.  Thus,  when 
the  height  of  the  sun  is  40°  30',  only  two-thirds  of  the 
xays  reach  the  earth ;  when  at  21°  30',  only  half:  the  rest 
are  absorbed  by  the  atmosphere,  or  reflected  toward  the 
earth  and  celestial  space. 

In  order  to  express  this  value,  which  depends  on  the 
height  of  the  sun,  it  is  better  to  seek  how  many  rays  would 
have  reached  the  earth  had  the  sun  been  at  the  zenith.  If 
we  represent  the  number  of  rays  that  arrive  at  the  atmo- 
sphere, during  the  most  serene  aays,  by  100,  scarcely  70  or 
80  will  reach  the  earth.  Thus  the  fourth  are  absorbed  or 
reflected  by  the  atmosphere.  The  total  number  of  rays  that 
reach  the  ground  during  a  day,  is  only  the  half  of  that  which 
&ll8  on  the  atmosphere.  This  is  true  of  a  day  perfectly 
serene ;  but  on  calculating  serene  and  also  cloudy  days,  we 
see  that  the  earth  does  not  profit  by  more  than  a  very  small 
portion  of  the  rays  that  arrive  at  the  atmosphere. 

The  heat  that  the  earth  receives  from  the  sun  radiates 
into  space;  but,  as  it  is  dark  heat,  it  is  probable  that  it 
experiences  a  much  greater  dificulty  in  traversing  the  at- 
mosphere than  do  the  luminous  rap  of  the  sun.  W  hen  the 
transparency  of  the  air  is  disturbed  by  vapours,  the  dark  and 
also  tne  luminous  rays  experience  a  still  greater  resistance  in 
their  progress ;  but  if  they  prevent  the  heating  of  the  soil 
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by  the  rays  of  the  sun,  they  also  oppose  its  cooling  by 
radiation.'*' 

TBM FBRATURX  OF  THE  SARTH  AND  OF  8PAOE. 

— Hitherto,  we  have  considered  the  san  as  the  only  source  of 
heat  that  warms  our  globe ;  but  Foorler  has  shewn  that 
there  exist  two  other  very  influential  causes,  namely,  the 
proper  heat  of  the  earth  itself  and  also  that  of  space. 
Although  their  action  cannot  in  any  degree  modify  the  in- 
dications of  the  thermometer,  it  is,  however,  well  to  analyse 
it  briefly. 

If  we  bury  thermometers  in  the  ground,  at  diflerent  depths, 
and  so  that  their  bulbs  shall  be  in  contact  with  the  earth,  the 
annual  variations  will  be  smaller  as  the  instruments  are 


*  H.  PomLLBTL  dorlMd  twolnBtnuneiitB,  mneh  more  perfect  than  thAt  of 
H^f^^f*^,  for  eetimoting  the  qnentlty  of  eolar  hest  abaorbed  by  the  atmo* 
sphere.  One  ia  the  direct  pyrheltomeUr,  the  other,  the  lenticular  pyrhelio^ 
meter.  The  latter  ia  oompoeed  of  a  lens  24  or  S5  cent.  In  diameter,  with  a 
fbcal  distance  of  60  or  70  cent,  in  the  focos  of  which  is  a  platad  Teasel,  oon- 
tafaUng  about  600  grammes  of  water,  in  which  the  bnlb  of  a  thermometer  is 
plmiged.  The  form  of  the  reseel  and  the  arrangement  of  the  lens  are  so 
combined,  that,  for  all  heights  of  the  snn,  the  rnjs  fldl  perpendicularly  on 
the  lens,  and  on  the  surthce  of  the  Teasel ;  which  latter  la  covered  with  Uunp- 
blade,  and  is  intended  to  reeeiTC  them  in  the  focua  and  to  absorb  them.  (For 
the  description  of  these  two  inatruments,  Tide  Xer  Cimmtes  rendu*  de  VAea- 
itimte  da  Seiencei,  t.  tU.,  p.  24  [1838]  ;  undEl^mentt  de  Pk^s.  t.  li.  p.  688,  and 
Jig,  375  and  376.) 

Numerous  experlmenta  made  wHh  these  two  Instruments  haTe  led  to  the 
fi>Uowing  results : — ^When  the  atmoephere  has  erery  appearance  of  perfect 
aerenity,  it  yet  abaorba  nearly  ime-half  of  the  total  quantity  of  heat  whidi 
the  sun  emits  toward  the  earth ;  and  it  is  the  other  half  alone  of  this  heat 
which  ikils  on  the  surfhoe  of  the  earth,  and  which  is  more  variously  dJa- 
tribnted,  according  as  it  has  traTersed  the  atmosphere  with  greater  or  less 
obliquity. 

If  the  total  quantity  of  heat,  which  the  earth  reeelTes  ftvm  the  sun  In  the 
coarse  of  a  year,  were  uniformly  spread  on  Its  rarCsoe,  and  employed  without 
any  loea  to  melt  a  bed  of  ice,  which  should  envelope  the  entire  globe,  it 
would  be  capable  of  melting  a  bed  thirty-one  metres  thick. 

Bir.  Forbes  communicated  to  the  Royal  Societv  of  London,  on  the  86th 
of  May,  and  the  8d  of  June,  1842,  the  rMults  of  the  correspondent  experl- 
menta which  he  had  made  in  September,  1832,  with  M.  Kaemts,  at  Bnena, 
and  on  the  Fanthom,  upon  the  transparency  of  the  atmosphere.  The  dlf* 
frrence  of  level  was  2119  metres.  The  following  are  some  of  the  reaulta^ 
which  are  as  new  as  they  were  unexpected. 

Ist.  Tlie  bundle  of  calorific  solar  rays,  on  entering  faito  our  atmosphere, 
is'  composed  of  two  sorts  of  rays ;  the  one  easily  aheorbable  by  the  atmo- 
sphere, the  other  abaolutely  reftuing  all  extinction  ;  the  former  form  naarijr 
0,8  and  the  latter  0,2  of  the  total  number. 

2d.  The  law  of  the  extinction  of  the  rays  of  the  first  order  la  a  geometrical 
progreasion  (according  to  the  hypotheaia  of  Bodquss,  Kabutz,  fcc.),  auch  that 
the  vertical  transmission  through  the  atmosphere,  taken  from  its  base  (the 
level  of  the  sea)  to  Its  superior  limit,  reduces  the  eighty  absorbable  rays  to 
thirty-three. 

It  follows,  from  this  new  theory  of  Mr.  Foebes's,  that  the  portion  of  the 
heat  which  Is  not  absorbed  In  the  case  of  vertical  transmisaon,  instead  of 
being  75  per  cent  of  the  extra-atmospheric  beat,  la  only  53  per  cent.  (Vide 
PAiA  Mag.  Sept.  1842.)— M. 
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more  deeply  buried  in  the  earth.  At  about  mx  or  seven 
metres,  the  instrument  is  stationary  for  the  whole  year,  and 
indicates  a  degree  of  temperature  which  approaches  closely 
to  that  of  the  annual  mean.  This  temperature  increases  the 
more  we  penetrate  into  the  soil.  Experiments  made  in 
mines  and  in  artesian  wells  put  this  general  fact  beyond 
doubt.  The  nature  of  the  soil  and  local  circumstances 
modify  the  law  of  increase,  which  varies  between  twelve 
and  tnirty-five  metres  for  one  degree  centigrade. 

In  all  countries,  the  temperature  increases  with  the 
depth.  To  say  that  this  increase  has  no  limit  is  what 
experience  cannot  teach  us,  and  we  are  reduced  to  con- 
jectures. Some  philosophers  admit  an  indefinite  increase : 
It  wonld  follow  from  this,  that,  at  a  depth  of  about  3200 
metres,  a  temperature  of  boiling  water  would  be  found;  and 
the  centre  of  the  earth  would  be  composed  of  matter  in  the 
state  of  fusion,  or  in  the  gaseous  state,  the  heat  of  whicb 
would  surpass  all  that  the  unagination  can  conceive.  Add 
to  this  that  the  globe,  having  been  formerly  in  the  liquid 
state,  has  been  cooled  by  radiation  alone.  The  surface 
became  cool  first,  and  one  part  of  its  loss  was  repaired  b^ 
the  heat  that  was  transmitted  from  within  outwards.  This 
transmission  took  place  without  cessation ;  but  it  has  been 
calculated  that  this  Quantity  of  heat  is  insignificant,  in  com- 
parison of  that  whicn  comes  to  us  from  the  sun.  It  was 
much  greater  before  man  existed  on  the  earth.  At  certain 
geologic  epochs,  all  the  points  of  the  globe  were  hotter ;  and 
tnis  explams  to  us  whv  we  find  in  hi^  latitudes  fossil  vege- 
tables and  animals,  the  analogues  of  which  cannot  at  tne 
present  moment  live  any  where  but  within  the  tropics. 

At  first  sight,  it  seems  incredible  that  the  nucleus  of  the 
globe  is  incandescent)  while  at  the  surface  we  do  not  feel 
this  heat.  This  fact  is  only  explained  by  the  want  of  con- 
ductibility  in  the  rocks  that  compose  the  crust  of  the  earth. 
Volcanos  have  made  us  familiar  with  phenomena  of  this 
kind.  The  lava  that  runs  from  the  crater  of  a  volcano 
possesses  so  great  a  heat  that  it  almost  melts  all  metals ;  but 
a  crust  is  soon  formed  on  its  surface ;  it  breaks,  and  its  frag- 
ments swim  in  the  current  of  lava  like  blocks  of  ice  on  a 
river.  They  solidify  so  quickly,  that  travellers  have  been 
able  to  traverse  the  liquid  lavas  by  "walking  over  them.  If 
the  current  is  stopped,  these  fragments,  by  uniting,  form  a 
solid  crust,  which  prevents  the  mass  from  becoming  cold; 
and,  after  several  years,  a  notable  heat  is  found  in  the 
centre  of  these  streams.     GtomeUaro  observed  on  Etna  a 
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znass  of  ice,  over  which  a  current  of  laya  had  flowed  without 
melting  it.** 

The  earth,  as  it  turns  round  the  sun,  moves  in  a  medium, 
the  temperature  of  which,  no  douht  very  low,  is  completely 
unknown  to  us.  On  the  other  hand,  the  stars,  notwith- 
atanding  the  infinite  distances  h^  which  they  are  separated 
from  us,  send  us  rays  both  lummous  and  calorific  Some 
regions  of  the  heayens  also,  being  more  rich  in  stars,  the 
quantity  of  heat  that  reaches  us  from  different  points  of 
space  is  not  the  same.  But,  like  as  the  different  indications 
of  the  thermometer,  during  the  course  of  a  year,  are  all  re- 
duced to  a  mean,  so  majr  we  presume  that  the  heat  of  the 
sky^  is  uniformly  spread  through  all  the  celestial  vault. 
This  heat,  combined  with  that  of  the  space  in  which  the 
earth  moves,  gives  us  the  temperature  that  Fourier  named 
the  temperature  of  space,  and  what  he  states  to  be  from 
—50**  to—eo' ;  whilst  M.  PoiUUet  fixes  it  at—  14(P.t  The 

*  In  the  Atmuaire  for  1834,  H.  Asago  published  a  notice  on  The  rArrme- 
mtMe  State  qfthe  Globe.     He  proved  with  his  usiud  clearness : — 

1st.  That  there  exists  in  the  earth  a  central  focus  of  heat. 

2d.  That,  for  2000  years,  the  xeneral  temperature  of  the  mass  of  the 
earth  has  not  yaried  a  tenth  of  a  degree ;  and  yet  the  surface  has  become 
cold  In  the  course  of  ages,  so  as  scarcely  to  preserre  aay  sensible  trace  of  its 
inimitiTe  temperature. 

Sd.  He  shews  that  the  changes  we  have  obsenrM,  or  think  we  obserret 
in  certain  climates,  are  not  connected  with  cosmical  causes,  but  with  circum- 
stances entirely  local ;  such  as  the  clearing  of  woods  and  mountains,  the 
drying  up  of  morasses,  extensive  agricultural  works,  &c.  ftc.  Thus,  on  com- 
paring the  thermometric  observations  made  at  Florence,  according  to  the 
mstructions  of  the  Academy  of  Clmento,  towards  the  dose  of  we  16th 
eentury,  with  those  comprised  between  1820  and  1830,  it  was  found  that  the 
jnean  remained  sensibly  the  same.  It  would  merely  appear  that  the  tointera 
are  mot  quite  so  aM,  and  the  smnmer*  not  quite  io  hot  i  a  result  probably 
due  to  the  clearings  that  have  been  made  since  this  epoch.  In  the  United 
■States,  an  analogous  effect  has  been  observed,  in  consequence  of  the  vast 
clearings  of  which  this  country  is  the  theatre.  M.  Asaoo  then  applied 
these  notions  to  the  climate  of  France  ;  and  ho  shews  that  there  is  notning 
to  prove  its  havingundergone  any  other  clianges  than  those  derived  ftom  the 
labours  of  man.  With  regard  to  the  temperature  of  the  terrestrial  crust,  at 
M  depth  of  twenty-eight  metres,  which  is  that  of  the  cellars  of  the  Observa- 
tory, it  has  not  dianged  for  a  century ;  for  an  observation  made  by  Messisi, 
in  1776,  gives  exactly  the  aame  cipher  as  in  1826,  namely,  1 1^8.~M. 

t  In  endeavouring  to  determine  the  temperature  of  space,  M.  Poutllst 
proposed  an  instrument  wliich  he  called  an  actinometer.  It  is  composed  of 
four  rings,  of  two  decimetres  in  diameter,  covered  with  swan's  down,  and 
resting  on  each  other  in  such  a  manner  that  the  swan's  down  shall  not  be 
compressed.  The  skin  of  the  swan  itself  forms  the  base  of  the  circle  of 
each  of  the  rings.  This  system  is  enveloped  in  a  first  cylinder,  which  is 
itself  envelcqted  in  swan's  down,  and  contained  in  a  larger  cylinder.  A 
thermometer  rests  in  the  centre  of  the  upper  swan's  down ;  and  the  border 
of  the  exterior  cylinder  has  such  a  height,  that  the  thermometer  can 
subtend  only  two-thirds  of  the  hemisphere  of  the  heavens.  This  border  is 
pierced  with  holes,  in  order  that  the  cold  air  may  escape  readily. 

This  apparatus  being  exposed  in  an  open  place,  and  on  a  serene  night,  to 
the  radiation  of  tiie  sky,  its  thermometer,  and  a  neighbouring  thermometer, 
fuq>ended  freely  in  the  air,  are  observed  from  time  to  time.    From  the  dlf- 

a2 
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difference  of  these  two  results  shews  how  difficult  this  ques- 
tion is ;  and,  moreover,  the  temperature  of  space  appears  to 
have  hut  a  feehle  influence  over  that  of  the  lower  strata  of 
the  atmosphere. 

Supposing  a  different  temperature  in  the  different  regions 
of  space,  PoisBon  deduced  the  proper  heat  of  the  earth. 
For  all  our  system  being  sustained  ta  vacuo,  it  is  possible 
that  it  majr  have  travened  veiy  hot  regions.  Hence  the 
heat  that  is  stUl  observed  in  the  deep  strata  of  the  earth, 
which  have  not  yet  had  time  to  cool. 

INFLX7BNCE  OF  HYDROMZTTSORS  OVBR  TBK- 
PBRATURZS. — Let  US  abandon  theories  to  study  causes, 
whose  action  is  more  powerful  and  more  easy  of  demon- 
stration. Among  these  causes  hydrometeors  occupy  the 
first  rank.  Wc  may,  indeed,  readily  conceive  that  the  state 
of  the  sky  exercises  an  immense  influence.  When  on  a 
summer's  morning  the  sky  is  calm,  and  the  air  serene,  the 
temperature  rises  notably  in  a  few  hours.  But  if  clouds 
cover  the  sky,  and  intercept  the  rays  of  light,  the  ther- 
mometer rises  but  little,  or  even  falls  considerably  before 
the  moment  of  the  maximum  of  heat.  The  converse  takes 
place  when  the  sky  b  cloudy  in  the  morning  and  serene  in 
the  afternoon.    In  winter,  on  the  contrary,  the  thermometer 

ferenoe  of  these  two  thermometen^  or  firom  the  fall  of  thmt  one  attached  to 
the  aetinometer,  the  zenith  temperature  ia  deduced. 

Experiments  made  wiUi  this  instrument  gave  M.  PotmiiT  two  limits  for 
the  temperature  of  space,  —  1 1 5°  and  —  1 76^  the  mean  of  which  is  1 4(P. 

From  these  researches  he  deduces  many  consequences  of  great  interest. 

The  total  quantity  of  heat  which  space  sends  to  the  earth  and  to  the 
atmosphere,  in  the  course  of  a  year,  would  be  capable  of  melting  on  our 
globe  a  bed  of  ice  twenty-six  metres  thiclE. 

We  have  seen  that  the  quantity  of  solar  heat  is  expressed  by  a  bed  of  Ice 
of  thirty-one  metres ;  so  that  the  earth  receives  in  all  a  quantity  of  heat  re- 
presented by  a  bed  of  ice  fifty-seven  metres  thick. 

We  shall  undoubtedly  be  astonished  tiiat  space,  with  its  temperature  of 
— 140^  can  communicate  to  the  earth  so  considerable  a  quantity  of  heat, 
that  it  is  found  almost  equal  to  the  mean  heat  of  the  sun.  But  we  dioold  re- 
mark that,  with  respect  to  the  earth,  the  sun  occupies  only  the  five-millionth 
of  the  celestial  vault ;  that  it  must,  consequenUy,  send  two  hundred  thou- 
sand times  more  heat  in  order  to  produce  the  same  effect. 

If  the  action  of  the  stm  were  not  felt  on  our  globe,  the  temperature  of 
the  surface  of  the  ground  would  be  every  where  uniform,  and  at  —  89*. 
Mow,  since  the  mean  temperature  at  the  equator  is  27SS,  we  must  conclude 
that  the  presence  of  the  sun  increases  the  temperature  of  the  equatorial  sone 
116«»,5. 

To  extend  these  calculations  to  other  regions,  we  have  merely  to  take 
account  of  the  decrease  of  the  temperature  of  the  earth,  in  proportion  as  the 
latitude  increases.  (Vide  Comptes  rendus  de  tAcad.  des  Sciencett  t.  vii.  p.  53 
[183H],  and  EUmenU  de  Phytiqtie,  t.  ii.  p.  53h,  Andjtg,  377.) 

M.  AxAGO  having  found,  in  the  relation  of  the  voyage  of  Capt.  Back, 
that  at  Fort  Reliance  the  thermometer  descended  to  —  5fi'>,7,  concluded 
that  the  temperature  of  celestial  space  could  not  fUl  to  be  notably  lower 
than  —57**.    {Comptes  rendus  de  FAcad.  det  Sciences^  X.  ii.  p.  675, 1B36.)— M. 
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rifles  when  the  sky  is  donded,  and  sensibly  falls  as  soon  as 
the  clouds  are  dissipated. 

The  summary  of  observations  accords  with  these  isolated 
liEicts.  K  in  an  isolated  month  we  take  the  mean  of  the 
serene  days  and  of  the  cloudy  days,  we  find  a  notable  dif- 
ference between  these  two  numbers.  In  winter,  the  cloudy 
days  are  several  degrees  hotter ;  in  summer,  it  is  the  reverse. 

This  difference  between  the  two  seasons  results  from 
what  we  have  said  of  the  absorption  of  calorific  rays  by  the 
atmosphere,  and  (p.  24)  from  the  ranse  of  heat  in  these  two 
seasons.  In  summer,  as  in  winter,  uie  earth  loses  by  ra- 
diation one  part  of  the  heat  that  it  has  received  from  the 
sun,  but  in  summer  it  receives  much  more  than  it  loses. 
Although  the  dark  calorific  rays  are  relatively  much  more 
absorbed  than  the  others,  yet  the  heat  received  is  greater 
than  the  heat  emitted ;  but  if,  during  summer,  the  sky  is 
clouded,  there  is  a  fall  of  temperature.  In  winter,  on  the 
contrary,  the  earth  becomes  generally  cold,  the  loss  due  to 
nocturnal  radiation  at  night  being  greater  than  the  heathig 
by  solar  action.  But,  as  clouds  oppose  radiation,  and  reflect 
back  to  the  earth  a  portion  of  the  obscure  rays  that  it  emits, 
there  is  an  elevation  of  temperature  in  cloudy  weather. 
Add  to  this,  that  the  vapours  precipitated  during  winter  are 
at  a  much  less  height  than  in  summer,  and  that  the  latent 
heat,  which  becomes  free  at  the  moment  of  their  con- 
densation, may  act  on  the  ground. 

The  fall  of  temperature  that  is  noticed  in  summer,  when 
the  sky  is  clouded,  is  still  more  considerable  when  it  rains ; 
then,  not  oniv  are  masses  of  water  precipitated  from  the  hieh 
and  cold  regions  of  the  atmosphere,  and  notably  reduce  the 
temperature  in  virtue  of  their  great  capacity  for  heat,  but 
this  water,  in  evaporating,  again  absorbs  a  notable  quantity 
of  heat,  which  it  takes  from  the  earth  and  air  that  are  in 
contact  with  it.  Hence  arises  the  cold  that  is  observed  after 
rain-storms.  If,  in  like  manner,  we  study  a  long  series  of 
observations,  we  shall  find  the  evident  differences  of  tempe- 
rature that  exist  between  the  rainy  and  the  dry  months  of 
winter  and  summer :  every  one  remembers  the  rainy  and 
cold  summers  of  1833  and  1838,  the  serene  and  hot  summer 
of  1834,  the  mild  and  rainy  winter  of  1833-4,  as  well  as 
the  clear  and  cold  weather  of  that  of  1829-30. 

Within  the  tropics,  the  influence  of  the  state  oFthe  sky 
over  the  temperature  is  especially  remarkable.  The  me- 
ridian height  of  the  sun  varying  but  little  in  these  climates, 
the  rains  are  the  more  immediate  cause  by  which  the  range 
of  temperature  Is  regulated, — a  range  totally  diiFerent  from 
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that  which  takes  place  in  our  climates.  When  the  sun  is 
Tery  far  from  the  zenith,  that  is  to  say,  when  it  is  in  the 
northern  hemisphere  during  the  months  of  Decemher  and 
January,  the  temperature  is  relatively  very  low.  In  pro- 
portion as  the  meridian  height  of  the  sun  increases,  the  neat 
increases  also,  and  would  go  on  increasing  without  cessation 
until  the  sun  is  at  the  zenith ;  hut  then  the  rain  commences 
and  the  heat  diminishes ;  and  it  is  not  until  later,  when  the 
fiun,  having  passed  the  zenith,  is  in  the  other  hemisphere,  that 
there  is  an  increase  in  the  temperature,  which  attains  its 
mcudmum  when  the  rain  is  about  to  cease,  and  then  dimi- 
nishes to  attain  the  minimum  of  which  we  have  spoken. 
Thus,  while  in  our  climates  the  temperature  has  one  rmm-' 
mum  and  one  maximum^  two  maxima  and  two  minima  occur  in 
hot  countries.  The  two  latter  are  one  in  the  middle  of  the 
dry,  and  the  other  of  the  wet  season,  when  the  zenith  distance 
of  the  mid-day  sun  is  as  great  as  possible.  The  two  maxima 
occur  at  the  beginning  and  the  end  of  the  wet  season.  Each 
locality  within  the  tropics  presents  a  different  range  of  tem- 
perature :  the  minimum  is  an  instantaneous  effect  of  rain, 
hut  which  lasts  only  a  short  time,  or  else  remains  for  several 
months,  without  any  very  notable  maximum  afterwards 
following ;  because,  as  the  sun  recedes  from  the  zenith,  the 
heat  diminishes. 

Among  the  great  many  places  situate  within  the  tropics, 
where  I  find  the  confirmation  of  what  I  have  just  said,  let 
me  mention  three  cities  in  India.  In  the  following  table  I 
give  for  each  of  them  the  quantities  of  rain,  and  the  mean 
monthly  temperatures ;  the  last  column  presents  the  sum  of 
the  monthly  quantities  of  water,  and  the  mean  of  the  tem- 
peratures :— 
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29,33 
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Anjarakandy  is  situated  on  the  coast  of  Malabar,  between 
12°  and  13°  of  north  latitude ;  Madras,  on  the  contrary,  is 
on  the  west  coast  of  Hindostan,  in  13°  of  latitude ;  Calcutta* 
in  an  angle  of  the  gulf  of  Bengal,  at  22""  30'  In  all  these 
places,  the  fninimum  of  temperature  is  in  December  or  Ja- 
nuary, when  the  sun  has  attained  its  greatest  zenith  dis- 
tance. This  fall  of  temperature  is  more  sensible  at  Calcutta, 
because  the  distance  of  the  sun  from  the  zenith  is  relativdy 
greater  for  this  dty  than  for  the  other  two.  As  soon  as  the 
sun  rises  the  heat  increases ;  but  in  AprU,  the  direction  of 
the  monsoons  changes  (p.  42).  The  S.W.  wind  accumu- 
lates clouds  on  the  coast  of  Malabar,  and  the  abimdant  rains 
that  are  discharged  reduce  the  temperature;  the  maximum 
takes  place  in  April.  In  July,  when  the  rains  are  very 
heavy,  we  find  another  mtrdmum  at  Anjarakandy ;  and  the 
thermometric  mean  is  less  than  in  January.  Calcutta  is 
much  under  the  influence  of  the  monsoons;  but  as  these 
winds  do  not  pass  over  a  great  extent  of  liquid  surface,  and 
do  not  meet  with  chains  of  mountains  so  abrupt  as  those  in 
the  neighbourhood  of  Anjarakandy,  the  rains  are  not  very 
abundant.  The  heat  increases  until  the  end  of  May,  and 
does  not  fall  until  after  that  time ;  but  it  never  attains  so 
low  a  mean  as  that  of  Anjarakandy,  because  the  rains  are  not 
nearly  so  heavy.  In  autumn,  the  rains  cease  on  the  coast  of 
Malaoar,  and  the  heat  increases ;  and  at  the  end  of  October, 
when  the  sun  again  begins  to  act  with  force,  we  find  a 
second  maximum^  after  which  the  temperature  falls  again 
until  the  month  of  January.  This  maximum  does  not  exist 
at  Calcutta ;  for  in  autumn,  while  the  N  J^.  monsoon  clears 
the  sky,  the  sun  gets  further  from  the  zenith  than  in  places 
situated  near  the  equator,  and  the  length  of  the  nights  in- 
creases. When,  by  the  S.W.  monsoon  the  rains  are  abund- 
ant on  the  west  coast  of  Hindostan,  less  rain  falls  at  Madras, 
and  the  temperature  rises  until  June.  It  is  not  until  the 
month  of  July  that  clouds  sometimes  traverse  the  table- 
land ;  the  rains  then  increase,  and  there  is  a  fall  of  tempera- 
ture, at  first  insensible,  but  which  is  notable  during  the 
torrents  of  rain  that  fall  in  the  months  of  October  and 
November. 

It  is  evident  from  what  we  have  just  seen,  that  the 
countries  with  a  rainy  climate,  situated  between  the  tropics, 
have  a  mean  temperature  lower  than  countries  with  a  dry 
climate.  This  difference  is  very  sensible  on  the  west  coast 
of  South  America.  In  the  neighbourhood  of  the  equator, 
from  the  bay  of  Cupica  to  the  gulf  of  Guayaquil,  it  rains 
almost  the  whole  of  the  year ;  and  according  to  the  excellent 
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obseryations  of  M.  BotuiBiiisatat,  the  mean  temperattire  is 
only  abont  26®.  More  southward,  at  Fayta,  where  rains  are 
rare,  as  also  on  the  east  coast  at  Cnmana,  the  mean  is  above 
27°,  although  these  points  are  further  from  the  equator 
than  the  preceding. 

ZHFIiUBNCE  OF  ^7IND8    OVER  TBMPBRATUBS. 

— Every  one  has  experienced  in  winter  that  the  south  winds 
are  warm,  and  the  north  cold.  But,  if  we  wish  to  arriye  at 
more  rigorous  results,  it  becomes  indispensable  to  inquire 
what  the  temperature  is  during  different  winds.  In  order 
to  avoid  the  disturbing  influences  of  ditimal  and  annual 
variations,  we  shall  employ  the  method  that  we  have  already 
made  use  of  for  vapours  (p.  97).  Contenting  ourselves 
with  the  annual  means,  we  obtain  the  following  results : — 

MBAN  TEMPBBATUBE  FOB  THE  DIFFEBENT  WINDS.* 


lANDON. 

HAMBGH. 

HALLE. 

PEST. 

MOSCOW. 

STOCKLM. 

WLNI>. 

N. 

9°,  14 

7°,75 

7°,50 

.SVi 

0°,59 

3%74 

N.E. 

10,53 

7,75 

6,89 

9,55 

—0,68 

5,51 

E. 

11  ,03 

8,75 

7,59 

10,10 

2,78 

8,23 

S.E. 

11,97 

9,12 

9,54 

10  ,64 

3,91 

9,41 

S. 

11,32 

10,13 

10,57 

12,44 

4,14 

8,78 

S.W. 

11,77 

10,62 

10,31 

12,62 

3,51 

8,46 

w. 

10,42 

9,88 

9,66 

10,40 

3,30 

7,21 

N.W. 

9,86 

9,12 

7,38 

9,55 

1  ,04 

3,13 

(^Vide  Appendix,^.  17). 

We  cannot  deny  that  these  numbers  contain  more  than 
one  anomidy ;  however,  t}iey  shew  very  evidently  that  the 
north  winds  bring  a  very  low  temperature,  compared  with 


•  M.  Otto  Euinlobs  has  giran  a  r^sumS  of  thirty-four  years  of  obser- 
Tatkms  made  at  CarUruhe.  The  following  table  waa  constructed  by  him, 
by  taking  limply  the  means  of  the  temperatures  obserred  during  each  wind 
at  Paris,  Garisruhe,  London,  Hamburg,  and  Moscow. 


err  OB. 

N. 

H.S. 

z. 

S.E. 

s. 

B.W. 

W. 

ir.w. 

Paris  .    .    . 
Carlsruhe    . 
London    .    . 
Hamburg     . 
Moscow  .    . 

12%03 
9  ,88 

7  ,65 

8  ,00 
1,21 

1P,76 
8,30 
8,08 
7,63 
1,44 

13",50 
8,51 
9,63 
8,38 
3,53 

15*,25 

12,20 

10.58 

9,50 

4,63 

15^43 
12.61 
11  ,35 
10,00 
5,96 

14^93 
U  ,00 
10,86 
10,13 
5,69 

I3«>,64 

IS  .SO 

10  ,24 
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5,40 

12%39 

11  ,50 

8,71 

8,38 

3,33 
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that  which  accompanies  south  winds.  The  thermometer 
rises  ve^  regularly,  when  the  wind  turns  from  north  to 
south.  If  we  desire  to  establish  the  law,  which  expresses 
the  relation  existing  between  the  direction  of  the  wind  and 
the  temperature,  or  in  other  words,  which  are  the  coldest 
points  of  the  horizon,  and  what  are  the  corresponding  de- 
grees of  temperature,  we  shall  construct  the  following 
table : — 

WINDS  wrrn  extbeme  tempebatubes. 


Coldest  Wind. 

Hottest  Wind. 

Diflbrence. 

London  .    . 
Hamburg    . 
Halle.    .    . 
Festh .    .    . 
Moscow  .    . 
Stockholm  . 

N. 
N.  30°E. 
N.  30  E. 
N.  16  W. 
N.  19  E. 
N.    2E. 

S.   12°  W. 

S.  16  W. 
S.  17  W. 
S.  11  W. 
S.  42  W. 
S.  26  W. 

2°,79 
2,50 
3,81 
3,07 
4,84 
6,14 

Thus,  almost  every  where  the  coldest  wind  blows  in  a 
direction  between  north  and  east;  the  N.N.E.  wind  may 
hence  be  regarded  as  the  coldest  wind.  Buda  is  a  remark- 
able exception  to  this  law ;  although  the  number  correspond- 
ing to  it  is  doubtless  connected  with  some  anomaly.  The 
hottest  wind,  in  all  places,  blows  verj^  nearly  from  the 
S.S.W.  In  proportion  as  we  penetrate  into  the  interior  of 
the  continent,  it  approaches  nearer  to  the  west. 

These  influences  are  sensible  throughout  the  entire  jear ; 
however,  they  are  most  marked  in  winter.  The  direction  of 
the  wind  also  depends  on  the  seasons ;  for,  while  in  winter 
the  coldest  and  the  hottest  winds  almost  coincide  with  the 
}^.E.  and  the  S.W.  we  find  in  summer  that  they  are  thb 
KN.W.  and  the  S.E. 

Like  as  there  exists  a  diurnal  variation  in  the  quantity 
of  vapour  dependent  on  the  rotation  of  winds  discovered  hj 
M.  Dove,  so  does  there  exist  an  analogous  thcrmometnc 
variation.  The  following  table  contains  the  results  of  ob- 
servations made  by  myself  at  Halle ;  I  chose  the  hours  of 
morning  and  afternoon,  when  the  temnerature  is  equal  to 
the  mean  of  the  different  months ;  and  tne  hours  of  two  and 
three  o'clock,  which  are  those  of  the  diurnal  maximum.  The 
signs  +  and  —  indicate  that  the  quantities  found  are  above 
or  below  the  mean  of  the  whole  of  the  observations.  The 
last  line,  marked  variation^  gives  the  difference  between  the 
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means  of  three  obeervationfl  made  in  the  morning  and  three 
made  in  the  evening.  The  sign  +  indicates  that  the  ther- 
mometer rises,  the  sign  —  that  it  falls.* 

•  During  the  winter  of  the  arctic  poler  regions,  the  mn  being  below  the 
horiion,  end  no  longer  heeting  the  air  iHthin  anj  greet  distance  of  the 
station  where  the  obserrationa  are  behig  nuule,  it  is  of  very  little  conse- 
quence, in  esHmating  the  temperatore  of  any  nutioular  wind,  to  know  whe- 
uer  it  cooMs  tcom  the  equatin*  or  flrom  the  pole ;  but,  on  the  other  hand,  it 
is  of  great  importance  to  be  able  to  ser  whether  the  wind  blows  from  the 
open  sea  or  tnm  the  Interior  of  countries.    We  here  gire  the  thermometrio 

cardof  windsatBosekop(lat.  69*ft80>  during  the  period  of  the  son's  absence, 
that  la,  from  Norember  15,  to  February  1  :— 

TDOBUktUBIB  rOB  TBI  DinXBnT  WIZISS  AT  BOOKOr. 


N. 

«  5«,86 

N.E. 

-  6,93 

E. 

-10.35 

8.E. 

-11,15 

8. 

•  6,69 

8.W. 

-  1,68 

W. 

-  2,88 

N.W. 

-  4,58 

Calm. 

-  6,93 

The  arraagement  of  seas  axid  continents  anmnd  the  North  Cape,  and  the 
temnerature  of  the  sea,  which  is  much  hif^ier  in  winter  than  tnat  of  the 
earth,  explain  the  anomalies  presented  by  the  preceding  table. 

The  passage  of  the  land-breese  into  the  sea^breese  brinn  about  ra^ 
changes  In  the  temperature.  At  the  moment  when  the  wind  changes,  our 
obseryations  shew  that  an  Intenral  of  six  hours  is  sufficient  to  obtain  • 
change  of  four  degrees  one  way  or  other  in  the  temperature. 

It  is  probable  that  an  accidental  cold  pole  Is  then  formed  in  the  interior 
cf  Lapland,  doubtless  situated  at  the  8.E.  of  the  North  Cape ;  and  this  ex- 
plains the  predominance  of  8JB.  winds  in  Finmark,  during  the  winter  of 
this  country. 

These  interesting  results  are  extracted  from  the  Immense  meteorological 
registers  of  the  hybemating  members  of  the  Commission  of  the  North,  bj 
«ne  of  them,  M.  A.  B&avais.— 3i. 
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If  we  confine  ourselves  to  comparing  the  degrees  of  this 
tahle,  that  are  observed  in  the  morning  and  evening,  with 
the  hours  of  the  mean  temperature  of  the  day,  we  shall  find 
that  the  thermometer  still  falls  a  little  during  the  north 
wind ;  for,  while  the  wind  passes  regularly  from  the  north 
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to  the  N.E.,  it  is  only  at  the  N.N.iB.  that  it  comes  from  the 
coldest  point  of  l^e  horizon :  the  temperature,  therefore, 
always  Mis  until  it  hlows  in  this  direction.  With  the  N.£. 
tibe  thermometer  rises,  hecause  the  wind  is  tending  to  turn 
to  the  east,  which  is  not  so  cold,  until  it  hlows  from  a  point 
that  is  intermediate  between  the  south  and  the  S.W.,  a 
point  from  which  the  hottest  wind  comes.  The  thermo- 
meter is  then  stationary ;  but,  if  it  passes  to  the  west  or 
'S.W.y  it  comes  from  colder  countries,  and  the  consequent 
diminutions  of  temperature  are  observed  in  the  course  of 
the  day. 

The  facts  that  we  have  related,  prove  that  the  same  law 
occurs  in  the  greater  portion  of  Europe.  The  cause  is  easy 
of  comprehension :  the  winds  preserve  a  part  of  the  propor- 
ties  that  they  have  brought  irom  the  countries  they  have 
traversed ;  therefore  it  is  that  the  north  are  colder  than  the 
south  winds.  But  we  shall  see  presently  that  the  coldest 
countries  are  not  situated  at  the  north,  but  at  the  N.E.  or 
the  N.W.  However,  we  must  pay  attention  to  the  position 
which  the  places  occupy  in  Europe ;  for  whUe,  during  win- 
ter, the  S.W.  winds  bnng  us  a  moist  and  warm  air,  that  is 
<^posed  to  the  cooling  of  the  earth,  their  temperature  must 
be  nigher  than  that  of  the  south  continental  winds,  which 
often  favour  radiation.  Inversely,  east  winds  contain  less  of 
the  vapour  of  water,  and  the  temperature  is  lowered  by  the 
cold  due  to  evaporation.* 

All  that  precedes  is  a  further  confirmation  of  this  truths 
that  in  Meteorology  no  phenomena  is  isolated ;  all  act  and 
react  on  each  other.  Scarcely  does  the  S.W.  wind  blow  in 
our  countries  than  it  acts  on  the  temperature,  not  only  by  its 
heat,  but  also  by  the  vapours  that  it  brings  and  the  state  of 
aky  which  results  from  them.  In  winter,  the  moist  west 
winds  are  remarkably  warm,  because  they  cover  the  sky 
with  clouds,  and  thus  oppose  terrestrial  radiation ;  in  sum- 
mer they  are  fresher,  for  they  prevent  the  rays  of  the  sun 
from  reaching  the  earth.  Thus  in  winter  the  coldest  wind 
blows  from  the  N.E.;  in  summer,  from  the  N.W.  The 
wannest  wind  in  summer  is  the  S.E. ;  in  winter,  the  S.W. 


*  Since  printhig  his  Course  on  Meteorology,  M.  Kasmtz  has  pabllahed  • 
nwmoir  on  the  relations  that  exist  between  temperature,  pressure,  and  the 
direction  of  the  wind.  Tbls  work  appeared  in  M.  Scbdmachcb's  Amnuaire 
fbr  1841.  He  shews  that,  under  the  influence  of  certain  winds,  there  exist 
temporarff  poles  qf  cold.  Thus  on  January  29  and  Pebmary  4,  1637,  there 
was  an  anomalous  distribution  of  temperature  in  Europe ;  the  cold  pole 
beiz^  in  the  neighbourhood  of  Konigsberg,  when  the  temperature  was 
6^^0  below  the  mean  of  January.  The  following  table,  in  the  first  column* 
presents  the  mean  temperature  of  this  period  of  five  days,  and  in  the  second 
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Another  phenomenon  is  consequent  on  the  preceding.    If 
in  the  above  table  we  look  first  for  the  laws  of  diurnal  va- 

eolumn  the  number  of  degrees  which  this  mean  was  abore  (+)  or  bMow 
^-)  the  mean  of  January :— 


Mbak 

Cmn. 

TnCPSBATUBEB. 

according  to  the 
Blean  of  Jannaiy. 

Stotgard 

+  0*,30 

+  y.«7 

Viemu    .    . 

-  3,n 

-  0.65 

Prague    .    . 
Hioie  .    .    . 

-  1  ,59 

-  2.14 

+  1.79 
+  0.07 

Berlin     .    . 

-  4.09 

-  1  .80 

Stettin     .    . 

-  5.55 

-  2. 62 

Dantiic   .    . 

-  8.71 

-  4,45 

Konlgaberg 

-11  ,07 

-  6.80 

Memel     .    . 

-11,30 

-  6.24 

Stockholm  . 

-  6.81 

-  2,04 

Petersburg  . 

-7.74 

+  2.10 

Warsaw  .    . 

-10,80 

-4.98 

Craoow    .    . 

-10  .51 

—  5  .319 

Odessa    .    . 

-  y.54 

-  7.04 

The  position  of  these  poles  is  intimately  connected  with  the  direction  of 
-the  wind ;  and,  by  combining  a  great  number  of  obserrationB.  M.  Kaxmts 
Itond  that,  in  winter,  when  the  east  wind  is  blowing  at  Halle,  the  tempera- 
ture of  all  continental  Europe  is  abore  the  mean,  and  the  pole  of  cold  is  in 
the  neighbourhood  of  Warsaw.  It  then  occupies  the  middle  of  an  elUotlo 
aorface.  oontabning  the  cities  of  KoninbeinB^,  Dantzic.  Berlin.  Dresden, 
Breslau.  Craoow,  Minslc.  and  Wllna.  Rule,  where  the  author  made  his  ob- 
servations, is  found  on  the  limit  of  this  lonc.  In  this  re^on  the  temperature 
is  at  about  5*  below  the  mean  of  this  portion  of  the  year.  In  a  second  aone, 
concentric  with  the  flnt.  in  which  are  contained  the  towns  of  Riga,  Ham- 
burg, Hanover,  Prague,  Lemberff,  Kiou,  and  Smolensk,  the  temperature  ia 
4*  below  the  mean.  In  a  third  lone,  in  which  we  observe  the  towns  of 
Bevel.  Oottenburg.  Amsterdam,  Brussels,  Stntgard.  Munich.  Vienna,  Peath, 
Odessa,  Charkow,  Moscow,  and  Novogorod.  the  temperature  is  maintained 
at  8"  below  the  mean.  A  very  narrow  zone,  oomprising  Petersburg,  Hel- 
aingfbrs,  Stockholm,  Christiania,  London.  Lille.  Rouen.  Paris,  Strasbun; 
Bade,  Trieste.  Bucharest,  the  Crimea.  my>yt  a  temperature  which  is  only 
2"  below  the  mean.  In  a  fourth  zone,  comprldng  Shetland,  Edinbur^di, 
Manchester,  the  centre  of  France,  Lyons.  Milan.  Venice,  and  Belgrade,  the 
temperature  is  not  more  than  P  below  the  mean.  Finally,  a  region,  very 
irrcttularly  bounded,  containing  the  Hebrides.  Ireland,  the  county  of  Corn- 
wall. Brittany,  NantM.  Bordeaux.  Toulouse.  Barcelona.  Marseilles.  Genoa, 
Corsica,  Florence,  Rome,  Naples,  and  Ragusa.  enfoys  a  temperature  which 
is  equal  to  the  mean  of  these  different  points.  Thus,  as  we  see,  in  going 
from  Warsaw  as  a  centre,  and  directing  ourselves  along  any  radius,  we  find 
temperatures  that  increase  as  wo  go  toward  the  north  or  toward  the  east, 
as  well  as  when  we  go  toward  the  south  and  toward  the  west. 

These  poles  are  not  permanent,  but  are  continually  displaced,  according 
to  the  changes  in  the  direction  of  the  wind  and  variations  in  atmoepherie 
pressure.    Thus,  from  January  12  to  19, 1838,  this  pole  w>s  at  Halle. 

When  the  winds  blow  firom  the  west,  the  temperature  of  continental 
Europe  is  below  the  mean  of  the  month,  and  a  pole  of  Mtat  situated  at  the 
east  of  Halle,  and  in  the  centre  of  a  zone,  comprising  the  towns  of  Memel. 
Warsaw,  Dantsic,  and  Konigsberg.  replaces  the  pole  of  cold  of  the  east 
winds.— M. 
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nation  of  temperatnre,  according  to  the  different  winds ;  if 
we  then  subtract  the  hourly  temperature  of  the  mean  of  two 
and  three  o*clock,  and  compare  these  differences  with  those  of 
the  temperatures  of  8,  9  and  10  a.  m.,  and  7,  8  and  9  p.  m., 
mutually  compared,  we  shall  not  find  any  connexion  between 
these  three  groups.  Thus,  with  the  S.£.  wind,  we  find  an 
increase  of  heat  from  morning  till  evening ;  it  is  yery  con- 
siderable at  the  moment  of  maximum  diurnal  heat ;  and  from 
this  moment  the  temperature  goes  on  rising  until  evening. 
The  reverse  occurs  with  the  if.W. ;  for  the  difference  from 
the  mean  diminishes  from  morning  till  mid-day,  and  then 
increases.  This  fact,  which  at  first  sight  seems  to  contradict 
what  we  have  said  respecting  the  influence  of  the  rotation  of 
the  wind,  is  intimately  connected  with  the  state  of  the  sky : 
for,  with  the  S  JS.,  the  sky  is  generally  clearer ;  ivith  tne 
N.W.,  on  the  contrary,  it  is  generally  more  clouded  than  in 
the  mean  state.  In  tne  former  case  there  is  a  more  ener- 
getic influence ;  in  the  latter,  a  less  marked  effect  on  the 
part  of  the  sun ;  an  effect  that  is  felt  the  most  at  the  period 
of  the  maximum  of  the  diurnal  temperature.  This  fact,  that 
the  coldest  wind  comes  from  the  countries  of  the  north,  the 
hottest,  on  the  contrary,  from  the  sea,  occurs  also  on  the  east 
coasts  of  the  continents,  as  is  proved  by  observations  made 
at  Cambridge  in  Massachusetts,  and  at  Fekin  in  China. 

What  we  have  hitherto  said  is  sufiicient  to  enable  us  to 
recognise  the  cause  of  the  anomalies  presented  by  the  an- 
nual range  of  temperature.  The  months  during  which  the 
south  winds  prevail  will  have  a  different  temperature  from 
that  of  the  same  months  during  a  year  when  north  winds 
have  predominated.  If  winds  nave  blown  long  from  the 
west,  and  are  replaced  by  those  of  the  east,  a  corresi>onding 
change  is  observed  in  the  temperature.  But,  it  might  be 
said,  the  greatest  difference  between  the  hottest  and  the 
coldest  wind  is  not  10^,  and  yet  the  hottest  and  the  coldest 
day  of  each  month  differ  by  a  much  greater  quantity ;  it  is, 
therefore,  impossible  that  the  causes  mentioned  above  can 
explain  this  phenomenon.  First,  we  must  not  forget  that 
winds  have  not  always  their  normal  temperature;  then 
that  there  is  frequently  no  prevailing  wind ;  local  differences 
of  temperature  cause  the  vane  in  one  locality  to  be  directed 
toward  the  south,  while,  in  a  place  not  far  distant  from  the 
former,  it  is  turned  toward  the  north.  If  the  temperature 
of  these  two  points  approaches  the  mean,  and  one  is  ranged 
in  the  column  N.,  and  the  other  in  the  column  S.,  each 
of  these  figures  will  be  somewhat  removed  from  the  truth. 
Moreover,  the  temperature  that  accompanies  each  wind  is 
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compounded  of  its  proper  heat,  and  of  that  of  the  air  which 
was  at  rest  before  it  commenced  blowing.  Suppose  that  in 
winter  we  have  had  a  succession  of  very  warm  west  winds, 
and  that  the  wind  suddenly  passes  to  the  east,  there  will  be 
a  fall  of  temperature ;  but  the  heat  of  the  ground  and  that 
of  the  air  will  concur  in  making  the  thermometer  rise,  so 
that  it  will  indicate  a  higher  temperature  than  that  peculiar 
to  the  east  wind. 

These  anomalies  are  very  frequently  further  exaggerated 
by  the  state  of  the  sky,  especially  in  winter,  when  pheno- 
mena are  observed  which  are  in  contradiction  to  what  we 
have  said  respecting  the  influence  of  winds :  this  principally 
happens  when  continued  S.W.  winds  sustain  the  mildness 
of  tne  temperature.  With  west  winds,  whether  the  sky  be 
jserene  or  cloudy,  if  the  wind  passes  to  the  north  or  N.E., 
thick  clouds  oppose  terrestrial  radiation;  the  thermometer 
does  not  then  fall  under  the  influence  of  change  of  wind ;  it 
remains  stationary,  and  sometimes  it  even  rises.  When  the 
barometer  falls  rapidly,  and  the  wind  passes  suddenly  to  the 
S.E.  or  the  south,  the  sky  becomes  clear ;  and,  instead  of 
heat,  an  intense  cold  follows.  The  high  temperature  of  the 
wind  is  manifested  in  the  upper  regions  of  the  atmosphere ; 
by  dissolving  the  clouds,  it  favours  terrestrial  radiation. 
But  the  heat  is  soon  propagated  to  the  lower  strata  of  the 
air,  and  finally  to  the  ground;  the  sky  is  covered  with 
cirrus  and  ctamdw^  and  twenty-four  hours  afterwards  the 
thaw  commences.  The  succession  of  these  phenomena  mav 
be  observed  every  winter;  and  it  follows  that  the  north 
wind  is  attended  by  too  high  a  thermometric  state,  the  south 
wind  by  too  low  a  temperature.'^ 

*  In  the  Memoirs  qf  the  Academy  qf  Berlin^  for  1840  and  1841,  M.  Dotb 
published  a  lai^ge  work,  entitled,  Ueber  die  nicht  periudischen  Aenderttngen 
der  TemperaturvertheUung  avj  der  Ohcrftaeche  der  Erde.  It  embraces  the 
Intenral  oompriwd  between  1782  and  1839.  The  places  situated  in  the  tro- 
pical, temprattte,  and  cold  porta  of  Europe  and  America,  of  which  he  gives 
the  thermometric  series,  are  191  in  number. 

The  following  are  the  resnlte  to  which  M.  Dovs  was  led : — 

1st.  The  earth  receives  the  same  quantity  of  heat  each  year,  distributed 
oyer  its  surface  differently  for  each  year. 

2d.  The  tropical  atmosphere  of  the  Indian  seas  does  not  appear  to  have 
a  marked  influence  over  the  atmospheric  modifications  of  Europe. 

3d.  The  thermometi'ic  conditions  of  the  region  of  trade-winds  of  the  At- 
lantic Ocean  are  very  closely  connected  with  the  meteorological  changes  of 
the  temperate  sone  contiguous  to  It. 

4th.  The  colds  of  winter  are  generally  propagated  tmm  north  to  south ; 
anusnal  heats  march  in  an  opposite  direction. 

5th.  Analogous  atmospheric  states  are  more  ft^quently  found  under  the 
Hune  meridian  than  under  the  same  parallel.  Thus,  in  December  1 829,  the 
oold  was  intense  at  Berlin  and  Paris,  sensible  at  Kasan,  very  moderate  at 
Irkutsk,  while  an  unusual  heat  prevailed  in  North  America.  The  winter 
of  1794-6,  oelebrttted  by  the  oooquoat  of  Bolland,  and  that  of  1809,  so  severe 
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BZTBBMBS   OP    TBMPBBATUBB  OMUBRVED  IXT 

BIFFSRENT  fZkACBS. — Man  is  able  to  support  extreme 
degrees  of  temperature,  which  no  animal  can  resist.  In  the 
burning  deserts  of  Africa,  and  in  the  frozen  regions  of  the 
pole,  observations  have  been  made  on  this  subject.  We  may, 
therefore,  inquire  what  are  the  extreme  degrees  that  have 
been  noted.  An  indication  of  this  kind  is  ^wajs  approxi- 
mative ;  for,  on  the  one  hand,  the  observer  does-  not  always 
consult  the  instrument  at  the  moment  when  it  attains  its 
tnaxmnm  or  minimum ;  and,  on  the  other,  a  host  of  little 
circumstances,  apparently  indiiferent,  exercise  a  great  in- 
fluence over  the  result.  A  sreater  or  less  proximity  to  the 
ground,  or  a  little  dust  on  the  bulb  of  the  thermometer,  is 
sufficient  to  change  its  indications.  Can  we  then  be  asto- 
nished, after  this,  that  observers  have  obtained  numbers 
differing  so  much  from  each  other ! 

Thus  we  read  that,  in  the  polar  regions^  the  mercury  has 
often  remained  frozen  for  whole  weel^ ;  and  as  it  solidifies 
at  the  temperature  of  — 39%5,  we  must  conclude  that» 
during  this  period  the  temperature  was  below  -—40°.  The 
following  table  contains  the  lowest  and  the  highest  temper- 
ature observed  in  different  places.*^ 

In  Europe,  w«re  very  mild  in  AmertoA.  On  the  oontrsry,  th«  winter  of 
1790-1,  which  wfts  hot  in  Europe,  was  rery  oold  In  America.  The  month  of 
Jannanr  1837,  ndld  in  Europe,  preaentB  a  ^ery  low  mean  in  America.  The 
Banes  hare  obaenred  that  4ie  unusually  moderate  winters  of  Iceland  oQn»> 
spend  to  intense  cold  at  Copenhagen. 

6th.  In  equal  latitudes,  the  mean  variation  of  temperature  is  less  in  Europe 
than  in  America. — H. 

*  I  hare  interpolated  into  these  tables  extreme  temperatures,  gathered 
from  the  Conmta  rendut  de  VAcadimie  dcM  Sciences,  the  Amula  de  Ckimie  el 
de  PhjfHque,  tne  Meteorological  Regitten  of  the  Commission  of  the  North,  the 
Siamni  ttf  Meteorological  Obferwaiions  made  at  Mitanfrom  1763  to  1840,  and 
the  Table  tff  ike  Climate  qf  Italy,  by  M.  Scuouw. 

The  towns  whose  extreme  temperatures  I  have  interpolated  are,  for  the 
table  of  minima  temperature,  Athens,  Florence,  Home,  Pisa,  Camsjore^ 
Lucca,  Nice.  BCilan,  Montpellier,  Bologna.  Turin,  Charlestown,  Paris, 
Boiekop,  Washington,  Montreal,  and  Bangor.  I  hare  added  to  that  of 
maxitna  temperature  the  foUowIng  towns :  Palermo,  Pisa,  Csgliari,  Naples, 
Paris,  Cataala,  Lueca,  Rome,  Pavia,  Bologna,  Turin,  Verona,  MUan,  and 
Nice.— IL 
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MnOHA  OP  TEMPB&ATUBE  OBSEBYXD  IN  DirFBBEBT  PLACES. 


PIECES. 


Surinam  .  •  .  •  • 
Pondicherrj  .... 

Madras 

Martinique     .... 

Cairo 

Charlesto^m  .... 

Bagdad 

Cape  of  Good  Hope     . 

Aleppo 

Athens 

Wadiington  .... 

Borne 

Cambridge  (Massachus.) 

Padua    

Montpellier    .... 

Nice 

Pisa . 

Lucca 

Florence    

Camajore 

Bologna 

Bangor  (U.  S.)   .    .    . 

Turin 

Milan 

Montreal 

Paris      ...:.. 

Prague 

London 

Cumberland  House .  . 
Copenhagen   .... 

Moscow 

Stockholm 

Petersburg  .... 
Fort  Ent^rise  .  .  • 
Winter  Island  .  .  . 
Ingloolik  Isle  .  .  . 
Fort  Reliance  .  .  . 
Bosekep  (Lapland) .  . 
Port  Elizabeth    .    .    . 


LATITUDE. 


5°38'  S. 

11  42  N. 

13  45 

14  35 
30  2 

32  40 

33  21 
33  66  S. 

36  12  N. 

37  58 

38  53 
4154 

42  25 

43  18 
43  36 
43  42 
43  43 
43  51 
43  46 

43  55 

44  30 

45  0 
45  4 
45  28 
45  30 
48  50 
50  5 
5131 

54  0 

55  41 
55  45 
59  20 
59  56 
64  30 
66  11 
69  20 
62  46 
69  58 
69  59 


MDTIMA 
TEMPBBA« 
TUBES. 


210 

21 

17 

17 

9 

—17 

—  5 
5 
4 

—  4 
—26 

—  5 
—24 
—15 
—16 

—  9 

—  6 

—  8 

—  5 

—  5 
—16 
—40 
—17 
—15 
—37 
—23 
—27 
—11 
—42 
—17 
—38 
—26 
—34 
—49 
—38 
—42 
—56 
—23 
—60 


3 
6 
3 
1 
1 
8 
0 
6 
4 
0 
6 
9 
4 
6 
I 
6 
3 
9 
3 
7 
9 
0 
8 
0 
2 
1 
5 
4 
2 
8 
8 
9 
0 
7 
6 
8 
7 
5 
8 


OBSEBYEBS. 


Cossigny. 


i» 


Chanyalon. 

Niebuhr. 

Ann,  de  Chim. 

Beauchamp. 

LaCaille. 

Bussel. 

Pejrtier. 

Ann.  de  Cliim. 

Schouw. 

Williams. 

Toaldo. 

Fujster. 

Schouw. 

Id. 

Id. 

Pevtier. 

Schouw. 

Id. 

Ann.  de  Chim. 

Schouw. 

Observatory. 

Arm.  de  Chan. 

Arago. 

Strxutdt. 

Royal  Society. 

Franklin. 

Bu^. 

Stntter. 

Nicander. 

Euler. 

Franklin. 

Parry. 

Id.  ^ 

Back. 

Com.  of  North. 

Ross. 
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HAXIMA  07  TEMPEBATUBE  OBSEBYED  IN  DIFFEBENT  PLACES. 


PliACES. 


Surinam 

Pondicherry  .... 

Madras 

Beit-el-Fakih  .  .  . 
Martinique  .... 
Vera-Cniz  .... 
PhlloB  (Egypt)  .  .  . 
Esne  (Egypt)      .    .    . 

Cairo 

Bassora  (Mesopotamia) 
Catania  ...... 

Palermo 

Naples  .         .... 

Rome 

Pavia 

Cambridge  (Massachus.) 

Padua   

Pisa 

Nice 

Cagliari 

Lucca 

Bologna 

Turin 

Verona 

Milan 

Paris 

Prague 

North  America  .  .  . 
Copenhagen   .... 

Moscow 

Nain  (Labrador)  .  . 
Stockholm  .... 
Petersburg  .... 
Eyafiord  (Iceland)  .  . 
Melville  ule  .... 
Port  Elizabeth  .  .  . 
North  America  .    .    . 


I 


LATITUDE. 


5°38'  N. 

11  55 
IS  45 
14  31 
14  35 
19  12 

24  0 

25  15 
30  2 
30  45 

37  30 

38  8 

40  52 

41  54 
45  11 

42  25 

43  18 
43  36 
43  42 
43  43 

43  51 

44  30 

45  4 
45  26 
45  28 
48  50 
50  5 
55  0 
55  41 
55  45 
57  0 
59  20 
59  56 
66  30 
74  45 
69  59 
65  30 


MAXIMA 

TEMPEBA- 

TUBES. 


32° 

44 
40 
38 
35 
35 
43 
47 
40 
45 
38 
39 
38 
38 
37 
33 
36 
39 
33 
39 
38 
37 
36 
35 
34 
38 
35 
30 
33 
32 
27 
34 
33 
20 
15 
16 
20 


3 
7 
0 
1 
0 
6 
1 
4 
2 
3 
3 
7 
7 
0 
5 
5 
3 
4 
4 
1 
1 
1 
9 
6 
4 
4 
4 
5 
7 
0 
8 
4 
4 
9 
6 
7 
0 


OBSEBVEBS. 


Humboldt. 

Le  Grentil. 

Roxburgh. 

Niebuhr. 

Chanyalon. 

Orta. 

Coutelle. 

Burckhardt. 

Coutelle. 

Beauchamp. 

Schouw. 

Id, 

Pilla. 

Schouw. 

Id, 

Williams. 

Toaldo. 

Schouw. 

Id, 

Id, 

Id, 

Id. 

Id, 

Id, 

Observatory. 

Arago. 

Stmadt. 

Franklin. 

Bugge. 

Stntter. 

De  la  Trobe. 

Ronnow. 

Euler. 

Van  Scheels. 

Parry. 

Ross. 

Back. 
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Although  these  tables  are  far  from  beinff  complete,  they 
et  give  nse  to  several  interesting  consiaerations.  The 
ighest  temperature,  47°,4,  was  recorded  by  Bvrciciiardt,  at 
Esne,  in  Upper  Egypt,  during  a  chamsin.  The  lowest, 
•^56^,7,  was  experienced  by  Captain  Back  in  North  Ame- 
rica, when  he  traversed  this  continent  for  the  purpose  of 
joining  Captain  Ross.  The  difference  is  104°.  Man  can, 
thererore,  support  temperatures  differing  from  each  other  by 
104°,  that  is  to  say,  more  than  the  temperature  of  boiling 
water  differs  from  that  of  melting  ice. 

TVe  also  recognise  that  the  variations  between  the  higher 
temperatures  are  less  than  between  the  lower.  Between  the 
highest  temperatures  of  £sne,  47^,4,  and  Melville  Isle,  15%6, 
there  is  a  difference  of  31^,8 ;  whilst  the  lowest  temperature 
at  Pondicherry,  21°,6,  and  that  of  Fort  Reliance,  — 56%7, 
differ  by  78°,3,  that  is  to  say,  by  double.  The  mean,  there- 
fore, in  high  latitudes,  is  reduced  by  the  colds  of  winter. 

The  extremes  occur  in  the  interior  of  continents ;  the 
difference  is  less  on  the  coasts.  No  voyager  has  observed  in 
the  open  sea  a  higher  temperature  than  31°;  the  greater 
number  are  below  30°,  and  consequently  lower  than  those 
which  have  been  recorded  at  Petersburg,  In  the  interior  of 
continents,  the  minima  are  much  below  those  which  are 
found  on  the  coasts.  Compare  Cairo  with  Bagdad  and  the 
Cape  of  Good  Hope,  and  Liondon  with  Prague,  and  you  will 
sec  that  these  assertions  are  not  without  foundation. 

MARINE  AND  CONTINBNTAXa  OLIMATRS.  —  The 

capacity  of  water  for  heat,  and  the  great  quantity  of  caloric 
that  becomes  free,  when  vapours  are  precipitated,  and  latent, 
when  liquids  pass  into  the  aeriform  state,  are  the  causes  to 
which  must  be  attributed  the  constantly  increasing  differ- 
ence between  the  temperature  of  summer  and  that  of  winter, 
as  we  leave  the  coasts  to  penetrate  into  the  interior  of  con- 
tinents. This  difference  mcreases  also  when  we  leave  the 
tropics  to  approach  the  pole ;  we  must,  therefore,  choose 
points  situated  very  nearly  under  the  same  latitude.  In 
marine  climates  the  means  of  winter  and  summer  differ  but 
little ;  but,  as  we  advance  into  the  interior  of  a  continent, 
they  depart  from  each  other.  The  following  tables  contain 
some  of  these  determinations : — 
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8T7HMEB  Ain>  WJNTBR  MEAM8  IN  THE  BRITISH  ISLES. 


PLACB6. 

WINTER. 

SUMMER. 

DIFFEBENCE 

Feroe 

3°,90 

11°,60 

6^70 

Unst  Isle  (Shetland) 

4,05 

11,92 

7,87 

Isle  of  Man    .    .    . 

5,59 

15,08 

9,49 

Edinburgh     . 

3,47 

14,07 

10,60 

Aberdeen  .    . 

3,39 

14,57 

11  ,18 

iLinfauns  Castle. 

2,94 

14,17 

11  ,23 

London     .    . 

3,22 

16,75 

13,53 

Lancaster  .    . 

3,58 

15,32 

11,74 

Kendal      .    .    . 

2,03 

14,32 

12,29 

Penzance  .    .    . 

7,04 

15,83 

8,79 

Helston     .    .    . 

6,19 

16,00 

8,81 

In  all  these  places,  the  mean  temperature  of  winter  is 
above  the  freezing  point.  Even  in  tne  Shetland  and  the 
Feroe  Islands,  at  62"  of  north  latitude,  the  winter  mean  is 
higher  than  that  of  London ;  but  the  summers  are  colder, 
and  the  difference  between  the  two  seasons  is  scarcely  8°. 
This  trifling  difference  is  also  shewn  at  Penzance  and  at 
Helston,  towns  on  the  Cornish  coast ;  whilst  London,  situ- 
ated in  the  east  part  of  the  island,  presents  a  difference  of 
even  13°,5. 

The  S.W.  winds,  so  common  in  England  during  the 
winter,  bring  with  them  the  moist  and  warm  air  of  the 
Atlantic  Ocean.  As  these  vapours  are  precipitated  they 
disengage  heat,  and  they  also  oppose  radiation  from  tbiie 
earth.  And  hence  the  mildness  of  English  winters  is  ex- 
plained b^  their  extreme  humidity.  On  the  Azores,  and 
along  theu:  coasts,  where  the  wind  accumulates  vapours,  the 
winter  will  be  still  milder  than  in  places  situated,  like  Lon- 
don, on  the  east  coast  of  England,  whither  the  winds  do  not 
arrive  until  after  they  have  lost  a  great  portion  of  the  hu- 
midity with  which  tney  were  charged.  But  in  summer 
the  same  cause  reduces  their  temperature;  as  we  maj  be 
convinced  of  by  comparing  Helston  and  Penzance  with  Lon- 
don. These  two  truths  become  more  and  more  evident,  in 
proportion  as  we  penetrate  into  the  interior  of  the  conti- 
nents. 
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SUMMER  AND  WINTER  MEANS  IN  FRANCE  AND  IN  HOLLAND, 


PLACES. 

WINTER. 

SUMMER. 

DIFFERENCE. 

Amsterdam    .     .     . 

2°,67 

18°,79 

16°,12 

Middleburg    . 

1  ,92 

16,92 

15,00 

Maestricht 

2,84 

18,12 

15,28 

Brussels    .    . 

2,56 

19,04 

16,45 

Franecker 

2,56 

19,57 

17,01 

The  Hague    . 

3,46 

18,63 

15,17 

Saint-^mo    . 

5,67 

18,90 

13,23 

Dunkirk    . 

3,56 

17,68 

14  ,12 

La  Rochelle 

4,78 

19,22 

14,44 

Paris     .    . 

3,59 

18,01 

14,42 

Montmorency 

3,21 

18,96 

15,75 

These  different  cities  enjoy  a  mean  winter  temperature  of 
about  3°,  like  that  of  England,  Penzance  and  Blelston  ex- 
cepted. But  the  summer  mean  is  about  18°.  This  is  an 
effect  of  the  continental  east  winds,  which  maintain  the 
serenity  of  the  sky.  The  difference  between  summer  and 
winter,  which,  in  England,  was  only  13^  is  raised  to  15^ 


SUMMER  AND  WINTER  MEANS  IN  GERMANY. 


PLACES. 

WINTER. 

SUMMER. 

DIFFERENCE. 

Dantzic     .... 

— 1°,11 

16^62 

17°,83 

Baireuth    .    . 

—1  ,20 

16,03 

17,23 

Berlin  .    .    . 

—1  ,01 

17,18 

18,19 

Augsburg .    . 

—1  ,08 

16,80 

17,88 

Apenrade  .    . 

0,73 

16,21 

15,48 

Dresden     .    . 

—  1  ,20 

17,21 

18,41 

Cuxhaven .    . 

0,51 

16,76 

16,25 

Tubingue  . 

—0,02 

17,01 

17,03 

Sagan  .     . 

—2,65 

18,20 

20,85 

Munich     . 

0,12 

17,96 

17,84 

Batisbon   . 

—1  ,93 

19,68 

21,61 

Hamburg  . 

0,40 

18,96 

18,56 

Lunenburg 

0,95 

17,25 

16,30 

Prague .     . 

—0,44 

19,93 

20,37 

Vienna 

0,18 

20,36 

20,18 

MABINB  AND  CONTINERTAL  CLIMATES. 
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Although  this  tahle  presents  more  than  one  anomaly,  it 
yet  shews  very  evidently  the  influence  of  continents.  Not- 
withstanding the  very  high  latitude  of  Cuxhaven,  Lunen- 
burg, and  Apenrade,  the  mean  of  the  winters  is  above  the 
freezing-point.  This  is  in  consequence  of  the  vicinity  of 
the  sea,  counterbalanced,  however,  by  the  continental  influ- 
ences, which  reduce  their  mean  below  that  of  the  towns  of 
England  situated  under  the  same  latitude.  In  all  other 
parts  of  Grermany,  the  winter  mean  is  below  the  freezing- 
point  ;  but  the  summers  are  also  hotter,  as  may  be  seen  by 
comparing  the  table  of  England  with  that  of  Germany, 
keeping  in  view  the  height  above  the  level  of  the  sea.  There 
results  from  this  a  greater  diflerence  between  the  winter  and 
the  summer ;  it  is  16°  in  west  Germany,  in  the  neighbour- 
hood of  the  sea,  and  rises  as  high  as  20°  in  the  east  part. 
At  Dantzic,  the  feeble  influence  of  the  neighbourhood  of  the 
Baltic  is  felt. 

The  more  we  penetrate  into  the  interior  of  the  continent, 
the  colder  do  the  winters  become ;  and  the  more  does  the 
difference  between  winter  and  summer  tend  to  increase,  as 
the  following  table  shews : — 


WIKTEB  AND  8UMMEB  TEMPSRATX7BE8  IN  THE  INTEBIOB 

OF  THE  CONTINENT. 


PLACES. 

WINTEB. 

SUMMEB. 

DIFFEBENCE. 

Petersburgh  .    .    . 

—  8°,70 

15°,96 

23°,66 

Abo.    .    .    . 

—  5,79 

16,14 

21  ,91 

Moscow 

—10  ,22 

17,55 

27,77 

Kasan  .    .    . 

—  13  ,66 

17,35 

31  ,11 

Barnaul 

—14,11 

16,57 

30,68 

Slatoust    . 

—16  ,49 

16,08 

32,57 

Irkutsk     . 

—17  ,88 

16,00 

33,88 

Jakoutsk  . 

K                                 4 

—38  ,90 

17,20 

56,10 

Whilst  in  England  the  thermometer  rarely  descends 
10°  below  zero,  we  find  in  the  interior  of  the'  continent, 
nnder  almost  equal  latitudes,  a  mean  of  — 10° ;  and  it  is  not 
uncommon  to  see  the  mercury  freeze  at  Kasan.  In  the  in- 
terior of  Siberia,  it  often  remains  solid  for  several  weeks 
together.  The  serenity  of  the  sky  in  these  countries  fa- 
vours the  radiation  of  tne  ground  in  winter,  and  its  heating 
in  summer ;  so  that  the  summers  are  hotter  than  in  Eng- 
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land.  The  difference  between  the  means  of  the  two  seasons, 
which  is  28°  in  west  Russia,  is  as  ^;reat  as  33%  and  even  56% 
in  the  interior  of  the  empire ;  it  is,  therefore,  four  or  five 
times  greater  than  in  England* 

This  law  prevails  every  where.  The  west  coast  of  Nor- 
way enjoys  a  winter  relativelv  very  mild,  and  the  mean  of 
which  does  not  differ  one>tenth  of  a  degree  from  that  of  the 
summer.  But  scarcely  have  we  traversed  the  crest  of  the 
Scandinavian  Alps  than  we  find  a  continental  climate.  The 
same  relations  prevail  in  North  America.  Whilst  the  west 
coast  is  distinguished  by  mild  winters  and  cold  summers, 
the  difference  of  the  seasons  is  greater  in  the  interior ;  it 
then  diminishes  as  we  approach  the  Atlantic.  However, 
it  is  always  greater  than  in  Europe.  This  is  due  to  the 
predominance  of  west  winds,  which,  as  they  traverse  a  great 
extent  of  land,  communicate  to  the  climate  of  these  coun- 
tries something  of  continental  climates.  Thus,  in  east 
America,  the  Mrinters  are  colder  and  the  summers  warmer 
than  they  would  be  were  it  not  for  this  circumstance. 

ISOCHIMBNAIiS  AND  ISOTHERAIiS.— If  we  collect 

into  a  map  all  the  places  whose  hibernal  mean  is  the  same, 
we  shall  obtain  curves  called  isochimerud  (tt-cf,  equal;  xufuitt, 
wintfir).  These  which  pass  through  the  points,  where  the 
summer  means  are  equal,  are  called  isotherals  (tr»t,  equal ; 
§\^tt  summer).  The  number  of  observations  is  not  yet  suf- 
ficiently large  to  enable  us  to  trace  these  curves  with  per- 
fect exactitude ;  but  they  are  sufficient  to  shew  that  tnese 
lines  are  far  from  coinciding  with  the  parallels  which  join  the 
places,  and  which  are  situated  at  the  same  distance  m>m  the 
equator ;  for  the  isochimenal  lines  fall  toward  the  south,  as 
we  leave  the  west  coast  of  Europe  on  our  way  toward  the 
east ;  because  the  countries  situated  toward  the  east  have 
much  severer  winters  than  those  that  are  at  the  west.  The 
isotherals,  on  the  contrary,  rise  toward  the  pole  as  we  go 
from  west  to  east ;  and  it  is  only  in  the  intenor  of  the  con- 
tinent that,  at  equal  latitudes,  the  summer  means  are  the 
same.  In  North  America  something  similar  is  observed; 
for,  at  an  equal  distance  from  the  equator,  places  situated 
west  of  the  AUeghanis  have  colder  wmters  and  hotter  sum- 
mers than  those  which  are  on  the  borders  of  the  sea. 

We  may  easily  comprehend  that  these  climateric  condi- 
tions have  the  greatest  influence  over  the  ^ffraphical  dis- 
tribution of  organised  beings.  Many  animus,  especially 
quadrupeds,  that  cannot  make  such  great  migrations  as 
birds,  avoid  extreme  climates.  If,  therefore,  a  curve  is 
passed  through  the  points  which  limit  on  the  north  the  area 
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mbabited  by  tbese  animals,  ibis  carve  will  almost  coincide 
witb  an  iflocbimenal.  Thia  is  sbewn  in  tbe  cbart  published 
by  M.  Ch.  Rltt^r,  on  tbe  distribution  of  wild  and  domes- 
tic mammifera  in  Europe.  Thus,  in  Sweden,  the  elk  still 
lives  under  60°  of  latitude ;  but,  in  tbe  interior  of  Siberia,  it 
does  not  pass  the  55th  degree. 

The  same  observations  apply  to  tbe  distribution  of  vege- 
tables on  the  earth ;  but  we  must  carefully  distinguish  ar- 
borescent vegetables  from  those  which  are  merely  annuals, 
and  die  each  year  after  having  produced  seed.  Trees  can- 
not so  effectually  resist  the  rigours  of  winter  as  perennial 
herbaceous  vegetables ;  however,  if  their  period  of  nowering 
and  fructification  is  not  lone,  they  rise  even  to  high  latitudes 
along  the  coasts  of  the  Atlantic,  while  they  remain  much 
nearer  to  the  south  in  the  interior  of  the  continent.  Thus, 
in  the  neighbourhood  of  Penzance,  on  the  west  coast  of 
England,  myrtles,  CameUoy  Fuschia  and  Budleia^  pass  the 
whole  winter  in  the  open  air,  although  their  fruits  do  not 
ripen  in  summer.  The  coasts  of  Brittany  present  the  same 
phenomena.  The  beech  (JFagus  dbatica)  extends  in  Nor- 
way as  far  as  the  60th  dcRree.  On  the'  west  coast  of 
Sweden  its  extreme  limit  is  bdow  the  58th ;  in  Smoland,  at 
57^  and  also  on  the  east  coast  in  the  neighbourhood  of  Cal- 
mar.  In  Lithuania,  it  is  between  54°  and  55^ ;  in  the  Car- 
pathians, about  49° ;  and  in  the  mountains  of  the  Crimea, 
about  45°.*  The  hoUy  {Hex  aquifolium),  which  advances 
even  as  far  as  Scotland  and  Norwav,  is  sometimes  frozen  in 
the  neighbourhood  of  Berlin  and  Halle.  Several  kinds  of 
heath,  alder,  black  poplar,  lilac,  ivv,  mistletoe,  thorn,  and 
myrtle,  have  an  amJogoos  geographic  distribution. 

«  The  small  table  that  fbUowt  represeDtf  the  indicatloa  of  the  latitudinal 
limiti  of  many  trees  in  ScandinaTia : — 


TaXBS. 

LATinmiNAI.  LIMITS. 

Beech  (Fagut  ailvatica) 

Hard  Oak  {Quercus  robur) 

Fruit  treei 

60»  O'N. 
61    0 

63  0 

64  0 
67  40 

70   0 

70  40 

71  0 

Haiel  {Corybu  avellana) 

Fir  (Abies  exceUaS 

Service  tree  of  Fowlers  (Sorbtu  auct^iMHa)! 

Wood  Fine  (Pimtt  tavettrit) I 

White  Birch  (Behda  alba) 

Dwarf  Birch  {Beiulatuma) 

For  ftirther  details,  see  tbe  note  entitled,  "  On  the  distribution  of  large 
Vegetables  along  tbe  coasts  of  Scandinayia,  and  on  the  north  side  of  the 
GrimseU.*'    {Annatei  dCM  Sciencet  NaturttUi^  Oct.  1842.}— M. 
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Annual  vegetables,  and  especially  those  of  the  com  tribe, 
act  in  a  different  manner.  The  hardness  and  rigour  of  the 
winter  little  concerns  them;  the  only  thing  essential  to 
them  is  the  period  during  which  they  are  developed ;  thus 
the  curves  that  indicate  their  northern  limits  are  parallel 
to  the  isotherals.  In  Norway,  barley  is  cultivated  in  certain 
places  situated  under  the  70th  degree.  Toward  the  east,  its 
limit  falls  southerly ;  and  in  Siberia  none  of  the  com  tribe 
are  found  north  of  60^.  In  France,  the  north  limit  of 
maize  is  determined  by  the  same  laws.  On  the  borders  of 
the  Atlantic  it  is  south  of  Rochelle,  at  45°  SO' ;  but  on  the 
Rhine  it  is  between  Manheim  and  Strasburg,  at  49°  of  lat. 

The  arborescent  vegetables  which  are  not  very  sensible 
to  the  colds  of  winter,  but  which  require  hot  summers,  have, 
on  the  west  coast  of  Europe,  a  limit  dependant  on  the  curve 
of  the  isotherals.  Thus  the  vine  is  no  longer  cultivated  with 
advantage  on  the  coasts  of  France  beyond  47°  SO'.  In  the 
interior  of  the  country  it  rises  toward  49°,  and  cuts  the 
Rhine  at  Coblentz  at  50°  20'.  In  Grermany,  it  does  not  pass 
51°,  to  which  il  is  sensibly  parallel  in  the  east  of  the  Euro- 
pean continent. 

MEAN  TEMPERATURE  OF  THE  EARTH.— Before 

studying  the  distribution  of  heat  on  the  surface  of  the  globe, 
it  is  necessary  to  give  a  table  of  the  mean  temperatures  of  a 
great  number  of  places  on  the  earth.* 

*  We  have  substituted  for  M.  Kaemtz's  table  the  more  recent  and  ex- 
tended one  of  M.  Mahlmamk,  who  has  recalculated  all  the  means  with  the 
greatest  care.> 

This  table  is  extracted  firom  the  third  volume  of  the  important  work 
which  M.  DB  Humboldt  has  Just  published,  on  Central  Ada,  under  the  title 
of  Researches  on  Mountain  Chains^  and  Comparative  CUmatology. 

In  this  table  the  seasons  are  those  used  in  meteorology,  namely,  for  win- 
ter, December,  January,  and  February ;  fbr  spring,  March,  April,  and  May  ; 
for  summer,  Jun'?,  July,  and  August ;  for  autumn,  September,  October,  and 
November.  The  temperatures  enclosed  between  a  pair  of  brackets  do  not 
merit  so  much  attention  as  the  others.  The  number  of  years  of  observation 
is  generally  related  to  the  annual  mean.  The  heights  above  the  level  of  the 
sea  are  in  metres,  as  in  the  whole  course  of  the  work. — ^M. 


■  Vide  Note  ^,  Appendix,  No.  II. 
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DIFFSBBNT  TEMPBBATURBS  IN  BQUAIi  IiATI- 

TUDBS. — The  preceding  table  shews  that  the  temperature 
of  a  place  depends  not  only  on  its  latitude,  but  also  on  its 
longitude.  Thus  Eastport,  in  America,  and  Stockholm, 
have  a  mean  temperature  of  about  5^,5 ;  and  jet  there  are  14 
degrees  of  difference  in  their  latitudes.  A  mean,  yarying 
between  11°  and  11°,5,  is  found  at  Germantown,  Fort  Co- 
lumbus, Fort  YancouTer,  Penzance,  Plymouth,  and  Sevas- 
topol;  that  is,  in  40°,  40°  42',  45°  38',  50°  7',  50°  22',  and 
4^  36'  N.  latitude.  So  also  in  going  from  the  west  coast  of 
North  America,  where  it  approaches  nearest  to  the  equator, 
the  line  passing  through  all  those  places  whose  temperature 
is  from  11°  to  11°,5,  on  the  one  hand  rises  towards  the  east 
coast  of  the  new  continent,  where  it  attains  the  45°  of  lati- 
tude ;  on  the  other  hand,  toward  Europe,  where  it  passes 
the  50th,  its  greatest  amplitude  is  in  10°  of  latitude.  On 
the  shores  of  the  Black  Sea  it  descends  as  low  as  44° ;  and 
if  we  knew  the  climate  of  the  centre  of  Asia,  it  is  probable 
that  it  would  fall  still  lower  toward  the  equator,  in  the  in- 
terior of  this  continent.  The  angle  under  which  the  rays 
of  the  sun  strike  the  earth  is  not,  then,  the  only  element 
by  which  temperature  is  determined :  there  are  other  ele- 
ments which  we  are  now  about  to  analyse. 

PHYSIOAIi  CAUSES  OF  DIFFBBENOES  OF  TEM- 
PBBATUBB. — ^Winds  are  the  most  powerful  cause  of  dis- 
turbance of  equilibrium  in  temperature.  Their  action  is 
not  always  immediate ;  but,  on  studying  it,  we  are  confirmed 
in  the  idea  that  all  atmospheric  phenomena  are  connected 
together,  and  react  on  eacn  other  so  as  alternately  to  play 
the  part  of  cause  and  effect. 

If  the  surface  of  the  earth  were  perfectly  smooth,  and 
merely  composed  of  land,  or  entirely  enveloped  with  an  im- 
mense ocean,  we  mieht  probably  find  the  same  temperature 
in  equal  latitudes.  However,  on  analysing  the  phenomena, 
we  see  that  this  diminution  of  heat  does  not  depend  simply 
on  the  lesser  height  of  the  sun  above  the  horizon ;  for  the 
trade-winds,  by  incessantly  drawing  toward  the  equator 
masses  of  air  obtained  from  high  latitudes,  cool  the  mter- 
tropical  r^ons,  the  climate  of  which  is  less  scorching  than 
if  tne  atmospheric  ocean  were  in  a  state  of  perfect  repose. 
The  upper  S.W.  wind,  on  the  contrary,  which  comes  from 
the  equator,  descends  towards  the  earth  as  it  advances  to- 
wards the  poles,  and  communicates  to  the  regions  that  it 
touches  a  portion  of  the  equatorial  heat,  and  softens  the  ri- 
ffour  of  their  climate.  The  observations  that  we  have  col- 
lected confirm  these  facts  id  the  most  positive  manner.    In- 
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deed,  if  we  select  a  series  of  places,  all  situated  under  the 
same  meridian,  but  very  distant  from  each  other  in  latitude, 
we  shall  find  that  the  diminution  of  temperature  is  not  pro- 
portional to  the  difference  in  latitude ;  and  that  it  would  be 
impossible  to  deduce  the  thermometric  climate  of  any  place 
from  this  element  alone.  The  differences  between  calcula- 
tion and  observation  are  such,  that  they  cannot  be  attributed 
to  the  employment  of  imperfect  instruments,  or  to  the  in- 
fluence of  years  of  exceptional  temperatures.  Thus,  for  the 
equator,  calculation  gives  higher  temperatures  than  those 
that  are  found  by  direct  observation.  In  more  elevated  la- 
titudes, on  the  contraiy,  the  numbers  to  which  it  leads  are 
too  low.  These  two  results  are  veir  well  explained  by  the 
opposing  influence  of  the  trade-winds,  which  warm  the  poles 
and  cool  the  equator. 

The  differences  between  the  mean  temperatures  of  two 
countries  situated  at  the  same  distance  from  the  equator,  are 
a  consequence  of  the  relative  masses  of  earth  and  water  with 
which  tney  are  surrounded.  The  great  capacity  of  water 
for  heat  (p.  11),  is  the  cause  why  the  two  great  oceans  that 
extend  from  pole  to  pole,  between  the  two  vast  continents, 
are  colder  than  the  land  in  summer,  and  warmer  in  winter. 
Consequently,  the  west  winds,  which  come  from  the  sea,  and 
blow  more  i^^ly  in  summer  than  in  winter  (p.  52),^!,  in 
this  season,  communicate  a  greater  amount  of  heat  to  the 
west  coasts  of  the  continent.  This  induction  is  confirmed  by 
experience.  But  when  these  winds  arrive  into  the  interior 
of  the  land,  their  temperature  is  by  no  means  so  elevated, 
especially  if  they  meet  near  the  west  sides  of  high  chains  of 
m^ntai^s.  Tb^  is  the  case  in  Scotland,  and  es^ly  so  in 
Norway.  There  is  likewise  no  country  on  the  earth  which, 
in  equal  latitudes,  does  not  enjoy  a  cbmate  as  mild  as  that 
of  the  last  place  we  just  mentioned. 

Besides  their  elevated  temperature,  these  S.W.  winds 
are  also  distinguished  by  their  moisture,  which  is  such  that, 
in  winter,  they  are  almost  entirely  saturated  with  the  yapour 
of  water;  hence  the  atmosphere  of  Europe  and  America  is 
almost  constantly  foggy  during  that  season.  These  clouds 
oppose  the  cooling  of  the  earth  by  radiation :  in  passing  into 
the  liquid  state,  tne  vapours  with  which  they  are  charged 
set  free  their  latent  heat ;  and  the  temperature  of  the  air  is 
raised  under  this  double  influence.  In  the  interior  of  conti- 
nents, on  the  contrary,  a  serene  sky  favours  radiation,  and 
determines  a  fall  in  the  temperature.  Equilibrium  is  not 
re-established  in  summer ;  for  if  in  this  season  the  sky  were 
as  often  clear  as  it  is  in  winter,  the  sun  would  act  energeti- 
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cally;  but  in  the  interior  of  the  European  continent,  the 
sky  being  often  cloudy  in  summer,  the  mean  temperature  of 
the  year  is  much  lower  than  on  the  west  coasts. 

It  is  the  same  with  the  east  coasts.  Kamtschatka  is 
warmer. than  Siberia;  New  York  has  a  higher  temperature 
than  that  of  the  towns  situated  on  the  Mississippi.  How- 
ever^ in  hi^h  latitudes  the  west  coasts  are  always  colder  than 
the  east.  In  general,  the  elevation  of  the  mean  is  due  to  the 
neighbourhood  of  the  sea,  its  reduction  to  that  of  the  conti- 
nent ;  for  the  S. W.  winds  whfch,  especially  in  winter,  have 
passed  over  great  continents,  arrive  deprived  of  all  humidity 
on  the  east  coasts,  ii^here  the  habitual  serenity  of  the  sky 
fkvours  radiation. 

The  differences  of  temperature,  such  as  those  we  have 
just  pointed  out,  would  exist,  even  though  the  sea  were  per- 
fectly calm ;  but  what  further  tends  to  increase  them  is  the 
existence  of  sea-currents,  which  favour  this  unequal  distri- 
bution of  heat.  They  are  principally  observed  on  the  two 
shores  of  the  Atlantic,  and  they  explain  to  us  the  mildness 
of  the  climates  of  the  west  coasts  of  Europe,  and  certain 
climateric  peculiarities  of  the  east  re^ons  of  America. 

The  trade- wind  that  blows  regularly  over  the  Atlantic, 
drives  toward  the  west  a  considerable  mass  of  water.  This 
west  current  continues  enlarging  to  Cape  Saint-Boch,  where 
it  divides  into  two  branches,  one  of  which  descends  toward 
the  south,  while  the  other  ascends  toward  the  north,  along 
the  east  coast  of  America.  This  latter  branch  enters  into 
the  Gulf  of  Mexico,  and  then  rushes  into  the  canal  of 
Bahama,  and  thence  ascends  toward  the  north,  under  the 
name  of  the  Chdf stream^  flowing  about  80  sea  miles  (148 
kilometres)  ^  day.  This  mass  of  water  being  exposed 
for  a  long  time  to  the  rays  of  the  tropical  sun,  has  a 
temperature  of  more  than  27°,  when  it  leaves  the  Gulf  of 
Mexico.  The  current  expands  as  it  ascends  the  American 
coast,  and  its  velocity  diminishes.  Between  Cayo  Biscaino 
and  the  reef  of  Bahama,  its  width  is  about  nine  myria- 
metres ;  at  the  parallel  of  Charlestown,  in  front  of  Cape 
Henlopen,  it  expands  to  as  much  as  23  myriametres ;  but  its 
velocity  diminishes  until  it  does  not  travel  more  than  60 
or  70  miles  per  day. 

More  northerly,  the  coasts  of  Georgia  and  Carolina 
change  its  direction :  it  turns  toward  the  l^.E.,  passes  near 
Cape  Hatteras,  and  pursues  its  march  to  the  bank  of  St. 
George,  on  the  east  of  Nantucket.  Here,  at  49°  SO'  of  lati- 
tude, and  67°  of  longitude  west  of  Paris,  it  is  47  myriametres 
wide ;  under  this  putdlel  it  suddenly  turns  to  the  east ;  so 
that  its  western  boundary  becomes  its  northern  limit,  and  goes 
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along  the  bank  of  Newfoundland.  Its  limits  are  dependent 
on  the  seasons.  When,  durinff  the  autumn,  there  are  squalls 
from  the  north  and  the  N.  W.,  a  considerable  accumulation 
of  water  occurs  between  the  bank  of  Newfoundland  and  the 
west  limit  of  the  current,  which  deviates  it  toward  the 
east.  Thence  it  turns  toward  the  E.S.E.,  as  far  as  the 
Azores,  where  its  width  is  78  myriametres  or  more,  and  its 
velocity  30  miles  per  day.  It  moves  with  less  regularity 
along  the  coast  of  Cruinea;  however,  its  rapidity  is  stul  about 
25  miles  per  day. 

A  less  important  branch,  and  one  which  is  more  depend- 
ent on  the  direction  of  the  ¥rinds,  separates  from  the  principal 
current  at  about  45°  or  50°  of  nortn  latitude,  near  the  bank 
of  Bonnet-Flamand,  and  directs  its  course  toward  Europe. 
This  current  is  more  especially  sensible  after  west  winds  have 
been  blowing  uninterruptedly  for  a  long  time.  Every  year 
it  carries  on  to  the  coasts  of  Norway  fruits  and  seeds  of  trees 
that  belong  to  the  hot  parts  of  America.  On  the  west  coast 
of  the  Hebrides  are  often  found  the  seeds  of  DoUchos  ttretu^ 
ChaUmdina  honduc^  G,  banducella,  Mimosa  scandens^  and 
other  plants  of  Jamaica,  Cuba,  and  the  American  continent. 
This  current  also  brings  shells  of  the  tortoise,  and  casks  of 
wine  from  ships  wrecked  on  the  sea  of  the  Antillas.* 

These  very  west  winds  that  drive  the  Chdf stream  over  to 
the  neighbourhood  of  Europe,  produce  on  the  coast  of 
France  a  current,  that  Rennell  has  made  known ;  the  name 
of  this  learned  geographer  has  been  applied  to  it.  The 
same  winds  drive  the  current  into  the  Bay  of  Biscay,  where 
it  turns  to  the  north,  along  the  coasts  of  France,  and  en- 
larges in  the  neighbourhood,  so  as  to  be  scarcely  sensible  on 
account  of  the  changeableness  of  the  winds. 

The  Otdf stream^  in  traversing  the  Atlantic,  forms  a  very 
limited  current,  which  preserves  its  original  temperature 
for  a  long  time.  As  early  as  1780,  Franklin  and  Blavden 
recommended  nautical  men  to  use  the  thermometer,  in 
order  to  ascertain  whether  they  were  in  the  OtU/stream. 
According  to  M.  de  Humboldt,  the  sea,  between  40'  and 
44^  of  latitude,  had  a  temperature  of  22°,5,  whilst  out  of 
the  current  it  was  17^5.  When  Bablne  went  out  of  the 
current,  in  36°  14'  north,  and  74°  west  lons;itude,  between 
10  A.M.  and  noon,  the  thermometer  fell  in  tne  space  of  two 
hours,  from  23°,3  to  16°,9,  to  wit,  6°,4,  without  the  depth  of 
the  sea  having  suffered  any  sensible  change.    The  tem- 

*  in  1838, 1  found,  with  M.  Lottin,  at  KleMg,  near  the  North  Cape,  a 
aeedofthe  MAnofa  «ca«dnw  among  the  shingle  of  the  bank.  Thejarerery 
common  there,  for  thej  are  leen  in  the  poeteHion  of  all  the  flahermen  on 
the  coast. 
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peratnre  of  the  air  above  the  current  shares  in  that  of  the 
water,  as  all  obser^^ations  prove. 

These  currents  notably  elevate  the  temperature  of  the 
coasts  that  are  washed  bv  them.  In  low  latitudes,  a  current 
of  warm  water  passes  along  the  Floridas,  whilst  a  current 
from  the  north  descends  along  the  coast  of  Africa.  So, 
although  under  the  same  latitude,  the  Floridas  are  warmer 
than  the  Canaries  by  1^  or  2°.  If  we  examine  the  coun- 
tries situated  beyond  the  trade-winds,  the  two  coasts  have 
sensibly  the  same  mean  temperature.  Differences  com- 
mence at  about  30^  of  north  latitude.  On  the  east  coast  of 
America  the  temperature  falls  much  more  i^pi<ll7  than  on 
the  coast  of  Europe,  as  we  leave  the  equator.  Tliis  fall  is 
especially  sensible  in  the  places  where  this  Gvlfriream  is  at 
a  distanoe  from  the  new  continent.  If  we  collect  the  lati- 
tudes under  which  the  mean  temperatures  of  25%  20%  15®, 
10®,  5%  and  0%  are  found,  we  obtain  the  following  rela- 
tions:— 
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The  S.W.  winds  which  prevail  in  high  latitudes  are 
wanned  by  the  Otdf stream^  and  raises  the  temperature  of 
west  Europe,  so  that  the  isothermal  of  zero  cuts  the  coast  of 
Norway  20°  more  northerly  than  it  does  that  of  America, 
namely,  at  a  latitude  where  we  find  on  the  east  coast  of 
Amenca  temperatures  of  —10®  and  —15®  in  the  interior  of 
the  land. 

Although  generally  warmer  than  the  east  coast  of  the 
two  continents,  the  west  coast  of  America  has  not,  however, 
a  temperature  comparable  with  that  of  the  west  coast  of 
Europe ;  this  is  due  to  the  direction  of  the  marine  currents. 
When  it  inclines  to  the  west,  the  equatorial  current  has  a 
greater  width ;  but  the  islands,  that  are  so  numerous  in  the 
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Pacific  Ooeaa,  turn  it  out  of  its  course,  and,  between  New 
Holland  and  the  Philippines,  there  are  currents  dependent 
on  the  monsoons ;  it  is  only  on  the  coast  of  Japan  that  a  cur- 
rent flowing  to  the  N.E.  is  found,  which  is  comparable  in 
its  extent  and  rapidity  with  the  Otdf stream  of  the  Atlantic. 
The  S. W.  winds  always  drive  considerable  masses  of  water 
toward  America ;  for,  on  the  coasts  of  California,  and  near 
Alaschka,  are  found  the  remains  of  Japanese  junks :  but 
this  current  never  attains  the  temperature  of  the  Gvif" 
stream;  the  winds,  also,  that  heat  Kamtschatka  and  the 
west  coast  of  America,  are  not  to  be  compared  in  tempera* 
ture  with  those  that  pass  over  the  Ghd/stream, 

TEMPERATURE  OF  THE  S<)UATOR. — If  we  choose 

places  situated  between  the  tropics,  from  their  mean  tem- 
perature, that  of  the  equator  may  be  deduoed;  and  we  may 
obtain  a  result  that  will  not  be  far  from  the  truth.  Indeed, 
within  these  limits  the  differences  of  latitude  have  much 
less  influence  over  the  climate  than  when  we  i^proach 
nearer  to  the  arctic  zone.  This  is  due  to  the  little  varia- 
tion in  the  height  of  the  sun  in  the  different  seasons,  and  to 
the  difference  of  the  constant  sea  and  aerial  currents  that 
prevail  in  these  regions.  For,  as  we  have  seen,  the  east 
coast  of  America  is  heated  by  an  equatorial  current,  and  the 
west  coast  by  a  current  from  the  north.  In  India,  the  very 
powerful  influence  of  monsoons  is  found ;  but  on  the  west 
coast  of  South  America  the  temperature  appears  to  decrease 
very  rapidly :  however,  observations  are  still  very  few  in 
number  for  these  countries,  and  we  cannot  rigorously  de- 
duce the  law  of  this  decrease. 

M.  4e  Humboldt  fixed  the  heat  of  the  eauator  approxi- 
mately at  27%5  ;  and,  indeed,  if  we  examine  tne  temperature 
of  the  different  places  situated  near  the  line,  we  shall  find 
the  following  numbers : — 

West  coast  of  Africa.      North  hemisphere       .  27<=',85 
East  coast  of  America.    N.  and  S.  hemisphere  .  27  ,74 

Hindostan  and  Ceylcm 27  ,29 

East  coast  of  Asia 27,66 

Great  Ocean 27  ,27 

East  coast  of  America 27  ,40 

The  mean  is  27°,53,  which  singularly  eonfinnsthe  result 
found  by  M.  dm  Htuaboldt.  However,  this  is  only  true 
of  the  coasts ;  in  the  interior  of  Africa  and  America  the 
temperature  is  higher  than  at  the  sea-shore.  A  distin- 
guisned  traveller,  M.  Bonsstncault,  has  published  obser- 
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vations  made  in  different  porta  of  the  Andes.  Although 
these  places  are  often  situated  at  more  than  3000  metres 
above  the  level  of  the  sea,  we  can  yet  determine  approxi- 
matively  the  temperature  which  they  would  have  if  they 
were  at  the  level  of  the  ocean.  Now,  on  deducing  the  de- 
crease of  temperature  from  these  observations  themselves, 
I  find  mote  tnan  28"^ ;  but  here  is  clearly  shewn  the  influ- 
ence exercised  by  exterior  circumstances  over  the  mean 
temperature;  for,  at  equal  latitudes  and  heights,  barren 
and  dry  countries  have  a  temperature  a  degree  nigher  than 
those  that  are  covered  with  forests,  and,  consequently, 
watered  by  frequent  rains.  For  to  the  absence  of  vegeta- 
tion must  be  attributed  the  burning  climate  of  the  interior 
of  Africa.  The  few  observations  we  possess  seem  to  assign 
it  a  temperature  of  29°,2 ;  and  yet  these  places  are  situated 
at  even  more  than  300  metres  above  the  level  of  the  sea. 

The  preceding  facts  prove  the  opposing  influence  of  the 
earth  and  the  sea ;  but  they  do  not  decide  the  question  of 
knowing  if,  under  each  meridian,  the  hottest  points  are  at 
the  intersection  of  this  meridian  with  the  equator.  It  is 
probable  that  the  violent  rains  caused  by  ascending  aerial 
currents  in  the  neighbourhood  of  the  equator  must  give  rise 
to  differences  of  several  degrees. 

M.  Ben^havs  has  given,  in  the  second  part  of  his  Phy^ 
ncal  AUas^  a  chart,  in  which  he  has  collected  aU  the  places, 
the  temperature  of  which  is  a  maximum.  This  curve, 
which  is  named  the  equator  of  heat,  very  nearly  follows  the 
eouator  of  the  earth,  and  presents  inflections,  the  cause  of 
wnich  is  not  manifest ;  for  tne  want  of  observations,  and  the 
little  pelianoe  to  be  placed  on  those  which  have  been  made, 
do  not  as  yet  authorise  us  to  trace  accurately  the  curve  in 
question. 

I80THER1SAMI.  —  On  connecting  by  lines  all  the 
points  whose  mean  temperature  is  the  same,  we  obtain  the 
curves  that  M.  de  Humboldt  was  the  first  to  trace  on. 
charts,  and  which  he  has  named  Isothermah  (7r«f,  equal; 
h^y  heat).  But,  as  this  temperature  varies  with  the 
height  above  the  sea,  these  tem^ratures  must  be  reduced 
to  uiat  level, — a  reduction  of  which  I  shall  speak  presently. 
This  work  is  one  of  the  few  that  form  an  epoch  in  Meteor- 
ology; it  has  served  to  establish  the  great  laws  of  the  dis- 
tribution of  heat  on  the  surface  of  the  globe.  Since  its 
publication,  observations  have  been  multiplied;  and,  in 
1831, 1  endleavoured  to  trace  out  a  new  series  of  isothermal 
lines,  which  differ  in  only  a  few  points  from  those  of  M.  do 
Hwnboldt.  I  have  further  modified  this  work,  since  we 
lure  po0se8fled  observations  made  in  the  interior  of  con- 
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tinents,  and  in  the  polar  regions.    The  following  are  the 
principal  results  of  these  researches : — 

Ist.  The  point  of  each  meridian  that  possesses  the  high- 
est temperature  does  not  always  coincide  with  the  intersec- 
tion of  the  meridian  and  the  equator. 

2d.  The  equator  of  the  earth,  on  the  borders  of  the  sea, 
has  a  temperature  of  27^5 ;  on  the  west  coasts  of  the  two  con- 
tinents this  heat  appears  to  be  a  little  less,  because  the  cur- 
rents of  cold  water  which  come  from  the  poles  depress  the 
temperature  of  these  points.  In  the  interior  of  the  two  con- 
tinents, the  temperature  of  the  equator  is  higher  than  on  the 
coasts ;  the  rains  are  less  abundant,  the  sky  more  serene,  and 
consequently  the  influence  of  the  sun  is  more  energetic.  In 
Africa,  especially,  where  the  air  is  strongly  heated  by  vast 
sandy  deserts,  this  difference  is  notable.  In  America,  the 
least  increase  of  the  continent  in  longitude  tends  to  diminish 
it  considerably.  The  temperature  of  the  equator  rises  in 
Africa  to  29°,  and  even  more. 

3d.  The  isothermal  of  25°  (vide  pi.  vi.)  cuts  the  west 
coast  of  America,  a  little  north  of  Acapulco ;  then  it  passes 
by  Vera  Cruz,  and  a  little  to  the  north  of  Havannah  (temp. 
25°).  At  the  east  of  the  meridian  of  this  city  it  forms  a 
slight  convexity  towards  the  north,  and  falls  on  the  west 
coast  of  Africa,  which  it  cuts  between  Cape  Blanc  and  the 
mouth  of  the  Senegal,  about  18°  or  19°  of  north  latitude. 
Hence  it  rises  abruptly  toward  the  north,  passes  by  the  north 
of  the  Red  Sea,  then  by  Abuscheher,  on  the  Persian  Gulf 
(lat.  28**  15',  temp.  25°),  and  probably  attains  here  its  most 
northerly  point.  Then,  at  the  east,  it  descends  toward  the 
south,  cuts  the  group  of  the  Philippines  in  the  north  part  of 
the  isle  Lu^on,  in  16°  or  17°  of  north  latitude.  (Manilla, 
lat.  W  36',  temp.  25°,6.) 

4th.  The  isothermal  of  20°  (pi.  vi.)  cuts  the  west  of  Ame- 
rica, in  the  middle  of  California,  at  28°  or  29°  of  north  lati- 
tude. It  rises  a  little  toward  the  north ;  it  then  eoes  parallel 
to  the  equator  until  it  reaches  the  west  coast  or  America,  in 
South  Carolina,  at  32°  north  latitude  (Fort  Johnston,  lat. 
34°,  temp.  19%2;  cantonment  Jessup,  lat. 31°30',  temp. 20°,2). 
It  &lls  a  little  toward  the  south,  leaves  the  Bermudas 
(lat.  32°  20',  temp.  19°,7)  to  the  north,  and  passes  between 
Madeira  and  Teueriffe  (Funchal,  temp.  18°,7;  Sainte-Croix- 
de-Teneriffe,  21°,9).  In  Africa,  it  ascends  abruptly  towards 
the  north,  passes  near  Tunis  and  Algiers ;  it  then  seems  to 
follow  the  airection  of  the  coast,  which  runs  from  north  to 
south,  and  passes  between  the  isle  of  Candia  (lat.  35°  29', 
temp  17°,9)  and  Cairo  (lat.  30°  2',  temp.  22°,4).  It  is  pro- 
bable that,  in  the  interior  of  Asia,  it  rises  anew  toward  the 
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north,  to  fall  again  toward  the  west  coast,  which  it  cuts  in 
the  neighbourhood  of  Formosa. 

5th.  The  isothermal  of  15°  (pi.  vi.)  cuts  the  west  coast 
of  America  near  Fort  San-Francisco,  in  New  California ;  it 
proceeds  straight  to  the  east,  and  in  the  State  of  Delaware 
attains  a  latitude  of  37°  to  38°  (Fort  Savern,  lat.  38°  58', 
temp.  13°,9;  Chapel  Hill,  lat.  35°  54',  temp.  15°,7  ;  Nash- 
ville, lat.  36°  5',  temp.  15°,4).  Thence  it  rises  toward  the 
north,  and  reaches  the  west  coast  of  Europe,  at  the  limit  of 
Spain  and  Portugal  (Lisbon,  lat.  38°  43',  temp.  16°,4) ;  it 
then  passes  to  the  north  of  Borne  (temp.  15°,4),  and  traverses 
the  north  part  of  Turkey.  This  line  attains  the  east  coast 
of  Asia  in  the  south  part  of  the  Corea,  and  Japan  (Nangas- 
aki,  lat.  32°  45',  temp.  16°V 

6th.  The  isothermal  or  10°  (pi.  vi.)  cuts  the  west  coast 
of  America  at  the  mouth  of  the  Columbus  (Fort  George, 
lat.  46°  18',  temp.  10°,1 ;  Fort  Vancouver,  lat.  45°  36'  N. 
temp.  11°,5);  descends  toward  the  south,  traverses  the 
nortn  part  of  the  State  of  Ohio,  and  reaches  near  New 
York  the  shores  of  the  Atlantic  (Kingston,  New  York,  lat. 
41°  55\  temp.  10°  ;  North  Salem,  lat.  41°  20',  temp.  8°,9). 
Here  the  isothemud  presents  a  great  convexity  towards  the 
equator ;  then  it  rises  abruptly  toward  the  north,  passes  in 
the  neighbourhood  of  London  (lat.  51°  31',  temp.  10°,4; 
Dublin,  lat.  53°  21',  temp.  9°,5).  This  is  the  highest  lati- 
tude that  this  isothermal  attains ;  for  it  then  falls  toward  the 
south,  passes  through  Bohemia  (Prague,  lat.  50°  5',  height 
above  tne  sea,  195  metres,  temp.  9°,5 ;  Dresden,  lat.  51°  3', 
height,  117  metres,  temp.  8°,5),  the  north  part  of  the  Black 
Sea  (Nicolaieffe,  lat.  46°  58',  temp.  9°,3 ;  Sevastopol,  lat. 
44^,35,  temp.  11°,5).  This  isothermal  probably  cuts  the  east 
coast  of  Asia,  at  the  north  of  the  isle  of  Nipon. 

7th.  The  isothermal  of  5°  (pi.  vi.)  cuts  the  west  coast  of 
America  at  the  north  of  New  Archangel,  on  the  isle  Sitcha 
at.  57°,  temp.  7°,1).  Yet  it  seems  to  come  from  the  south  ; 
or  Iloulouk,  on  the  isle  Ounalaschka,  and  in  lat.  53°  53', 
appears  to  have  a  temperature  of  onljr  4°.  It  then  descends 
toward  the  south,  cuts  Lake  Michigan  (Fort  Brady,  lat. 
46°  39',  height,  180  metres,  temp.  4°,9),  and  the  west  coast  of 
America,  in  the  State  of  l^laine  (Eastport,  lat.  44*^  54',  temp. 
5°,4 ;  Halifax,  lat.  44°  44',  temp.  6°,2).  It  then  traverses 
the  south  part  of  Newfoundland,  passes  the  north  of  the 
Feroe  Isles,  cuts  the  Norwegian  coast  as  high  up  as  Dron- 
tbeim  (lat.  63°  26',  temp.  4°,5).  As  soon  as  it  has  traversed 
the  Scandinavian  Alps,  it  descends  toward  S.E.,  passes 
to  the  north  of  Christiania  (temp.  5°,4)  and  Stockholm 
(tonp.  5°,6),  to  the  Bonth  of  Kasan  and  Moscow,  and 
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reaches  the  coast  of  Asia  in  the  midst  of  the  chain  of  the 
Kuriles. 

8th.  Parting  from  the  west  coast  of  America,  the  iso- 
thermal of  zero  (pi.  Yi.)  directs  its  course  toward  the  S.E., 
passes  hy  the  south  part  of  the  lake  Winipeg,  and  cuts  the 
S.E.  angle  of  Lahraidor.  Thence  it  rises  abruptly  toward 
the  N.E.,  touches  the  North  Cape  of  Norway  (North  Cape, 
lat.  71°  IC,  temp.  0°,1),  descends  abruptly  toward  the  south, 
in  the  interior  of  Lapland,  parallel  to  the  Scandinavian 
chain  ;  traverses  the  north  extremity  of  the  Gulf  of  Bothnia 
(Uleaborg,  lat.  65^,  temp.  0°,7),  passes  to  the  north  of 
Kasan,  Slatoust  (lat.  55°  8',  height,  360  metres,  temp.  — 0°,7) 
and  Bemaul  (lat.  53°  2(y,  height,  118  metres,  temp.  1°,7)  ; 
rises  on  the  east  coast  of  Asia,  toward  the  N.E.,  and  cuts  it 
toward  the  56th  parallel,  in  the  middle  of  Kamtschatka 
(Petropaulowsk,  lat.  53°,  temp.  2^04^ 

The  isothermals  that  we  have  hitherto  mentioned  might 
have  been  traced  on  a  chart  on  Mereator's  projection  ;  but 
the  following  cannot  be  followed  throughout  their  course 
except  on  a  terrestrial  globe,  or  on  a  chart  with  a  polar  pro- 
jection, such  as  that  of  pi.  vi. ;  for  they  no  longer  make 
the  tour  of  the  earth,  but  they  form  in  each  continent  two 
systems  of  concentric  curves.  We  will  give  an  idea  of  their 
arrangement,  which  is  as  yet  little  known. 

9th.  The  isothermal  of  — 5°  (pi.  vi.)  probably  com- 
mences toward  the  mouth  of  the  river  MacKenzie,  penetrates 
into  the  interior  of  the  American  continent,  and  attains 
about  92°  of  west  longitude,  and  52°  north  latitude,  at  its 
most  southern  point.  Then,  directing  itself  toward  the  N.E., 
it  passes  by  the  north  parts  of  Labrador  (Nain,  lat.  57°  SO', 
temp.  —3^,6 ;  Okak,  lat.  57°,  temp.  — 3°,6),  and  cuts  the  west 
coast  of  Greenland  at  the  height  of  the  polar  circle.  Li  our 
continent  this  line  occurs  between  the  White  Sea  and  Nova 
Zembla ;  it  passes  several  degrees  to  the  north  of  Tobolsk, 
attains  its  most  southern  point  under  the  meridian  of  Lrkutsk; 
it  then  rises  again  toward  the  N.E.,  and  traverses  the  east 
coast  of  Asia  in  the  countries  of  the  Jakoutes. 

The  isothermal  of  —10°  (pi.  n.)  cuts  the  south  part  of 
Bear  Lake,  it  then  passes  into  the  neighbourhood  of  Fort 
Beliance  (lat.  62°  46',  temp.  — 10°,2),  and  naes  again  at 
the  north.  .  The  curve  of  the  old  continent  traverses  Nova 
Zembla  (Felsenbai,  lat.  7€^  37',  temp.  — 9°,4),  Matotsehkin- 
Scbar,  lat.  73°  15',  temp.  — 8°,4),  passes  into  the  neighbour- 
hood of  Jakoutsk  (lat.  62°  2',  neidbt  115  metres,  tem^. 
— 9°,7);  then,  rifdng  towards  the  N^.,  it  reoehes  Nischin- 
Kolymsk  Hat.  68**  18',  temp.  — lO**). 

10th.  The  isothermal  of  ~^16^  passes  to  tlie  sooBlh  of 
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Mdytlle  Island,  by  Fort  Elizabeth,  in  the  isle  of  Bootbia 
(lat.  65°  59',  texxip.  — 15°,7),  then  rises  to  the  north  of  the 
isle  of  Igloolik  (lat.  69°  SCy,  temp.  — 16°,6),  on  the  north 
coast  of  Siberia.  This  line  appears  to  cut  the  coast  several 
degrees  to  the  west  of  Cape  liumura ;  it  also  passes  perhaps 
by  Ustjansk. 

TZSMPBRATURE  OF  THE  NORTH  POLE.  —  Philo- 
sophers have  been  much  occupied  upon  this  problem,  which 
probably  can  never  be  resolved  by  direct  observation.  The 
greater  majority  of  ancient  authors  have  assigned  to  it  a 
very  elevated  temperature.  M.  Ara^o*  distinguishes  the 
case  in  which  the  solid  earth  would  extend  to  the  pole, 
from  that  where  it  would  be  surrounded  by  water.  In  the 
former  case,  he  thinks  that  a  temperature  of — 32°  may  be 
assigned  to  It ;  in  the  latter,  a  temperature  of — 18°.  Mayer^s 
calculations  assign  to  it  a  temperature  of  0°,  which  is  evi- 
dently too  high,  but  that  which  M.  Araeo  attributes  to  it 
appears  to  me  a  little  too  low. 

More  recent  voyages  render  it  very  probable  that  seas 
extend  to  the  pole.  If  this  is  the  case,  its  mean  temperature 
must  be  about  — 8° ;  a  figure  which  cannot  be  far  from  the 
truth,  since  the  observations  made  on  the  west  coast  of 
America,  on  the  east  coast  of  Asia,  and  on  the  west  coast  of 
Europe,  lead  equally  to  this  result.  In  studying  the  tem- 
perature of  the  two  seas,  we  deduce  the  relation  existing 
between  this  temperature  and  latitude ;  and  this  relation 
leads  us  to  adopt  — 5°,7  as  the  temperature  of  the  sea  at  the 
north  pole,  a  temperature  a  little  higher  than  that  of  the 
air.  This  difference  arises  from  the  land-winds  blowing  at 
the  pole,  which  lower  the  temperature  of  the  air.f 

*  vide  Anmuure  du  Bureau  de*  Longitudet  for  1835,  p.  186. 

t  In  the  second  voyage  of  La  Recherche  to  SpIUbergen.  in  July  and 
August  1839,  I  found,  by  means  of  several  of  WALrsBDiN's  inverting  ther- 
mometers, corrected  for  pressure,  and  employed  simultaneously  in  each 
experiment,  the  following  temperatnree  at  the  surfiBMie  of  tke  earth,  and 
at  difltarent  depths :— 


P0IHT8. 

DBPTH 

in  Metres. 

TtUftRJLtXSmt 

at  this  Depth. 

Latitude. 

Longitude. 

at  the  Surfboe. 

Topic's. 

21"  505. 

195" 

r,9l 

5°,0 

71     I 

21     3 

240 

3.86 

7,6 

72  29 

17  34 

390 

3,63 

7,1 

73  36 

18  82 

870 

0,10 

.   6.7 

73  M 

14     8 

308 

2,42 

6,5 

74  52 

10  87 

487 

0,82 

6.8 

75  65 

6  56 

730 

0^2 

8,4 

76   13 

10  28 

641 

0,17 

5,4 

76  67 

11     9 

317 

1,66 

2.4 

77  43 

9  51 

121 

1  ,30 

f*  w 

79  33 

8  34 

66 

1.27 

23 
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POii£8  OF  GOLD. — On  oompanng  the  mean  tempera- 
ture of  the  pole  with  that  of  a  great  many  places  on  the 
earth,  and  on  considering  the  curves  described  by  the 
isothermals,  we  are  led  to  admit  that  the  poles  of  cold  do  not 
coincide  with  the  geographical  poles  (vide  pi.  vi.).  Brewster 
was  the  first  to  maintain  that  these  two  poles  were  in  the 
north  of  either  continent ;  he  thought  that  they  were  situ- 
ated under  the  80th  parallel,  and  in  93°  of  east  longitude, 
and  182°  of  west  lonfi:itude  from  Paris.  In  my  Treatise  on 
Meteorology^  I  have  shewn  that  one  of  these  points  is  at  the 
north  of  Barrow*s  Strait,  in  America ;  the  other  near  Cape 
Taimura,  in  Siberia.  Berglians,  in  his  Atlas,  transfers  tne 
American  cold  pole  to  78°  of  north  latitude,  and  92'^  of 
west  longitude,  and  assigns  to  it  a  temperature  of — 19%7. 
He  places  the  Asiatic  cold  pole  under  79°  30'  north  latitude, 
and  118°  east  longitude,  ana  gives  it  a  temperature  of — 17°,2. 
We  shall  probably  never  be  able  to  fix  exactly  the  position 
of  these  two  points,  nor  to  determine  rigorously  their  tem- 
perature. However,  taking  advantage  of  the  lew  obsen^a- 
tions  that  we  possess  on  the  climate  of  Korth  Asia,  I  find 
that  the  isothermal  of  — 5°  passes  through  the  following 
points : — 

COUBSE  OF  THE  ISOTHERMAL  OF  — 5°. 


Longitude    60°  E. 

Latitude  65°  SO-N. 

70 

„        64   32 

110 

„        57   41 

1-20 

„        58    21 

(Vide  pi.  VI.) 

Thus  it  descends  towards  the  south  at  110^  of  east  longitude, 
and  rises  again  towards  the  north ;  it  is,  therefore,  between 
the  70th  and  the  1 10th  decree  of  longitude  that  it  attains  its 
most  southern  point :  and  between  these  meridians  we  may 
expect  to  find  the  pole  of  cold. 

TEMPERATURE  OF  THE  SOUTHERN  HEMI- 

SPHERE.  —  Almost  all  meteorological  series  have  been 
made  at  places  situated  in  the  northern  hemisphere.  Science 
is  in  possession  of  but  very  few  observations  on  the  other 
hemisphere,  and  it  is  only  with  hesitation  that  we  can 
employ  the  means  that  have  been  deduced.  However,  we 
possess  some  data  on  the  high  latitudes  of  the  east  coast  of 
America.    The  following  have  come  to  my  knowledge : — 
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MEAN  TEMPBBATUBB8  OF  THE  SOTJTHBBH  HBMISPHEBB. 


PLACES. 

8.  LATITUDE. 

TEMPBBATUBB. 

Maranham     .    . 
Rio  Janeiro  .    . 
Bnenos  Ayres 
Falkland  Isles    . 
Port  Famine  .    . 

2°29' 
22  56 
34  36 
51     0 
53  44 

27^40 

23,42 

17,00 

8,46 

5,04 

According  to  this,  the  isothermal  of  5®  prohahly  cuts  the 
south  extremity  of  America ;  it  is  in  this  latitude,  also,  of 
55°  that  the  same  isothermal  cuts  the  west  coast  of  North 
America.  We  may  hence  conclude  that  the  distribution  of 
heat  is  nearly  the  same  in  the  two  continents  as  far  as  50° ; 
but  the  temperature  of  the  south  pole,  deduced  from  that  of 
the  places  situated  near  the  equator,  is  a  little  lower  than  that 
of  the  north  pole.  The  temperature  of  the  Southern  Ocean 
is  also  colder  in  equal  latitudes  than  that  of  the  North  Sea. 
Travellers  have  put  forth  very  exa^erated  ideas  on  the 
difference  of  the  temperature  of  the  two  hemispheres ;  this 
is  due  to  the  small  number  of  stationary  observers  that 
have  dwelt  there.  Klrwan,-  Iiecentu,  and  de  Humtioldty 
have  louff  ago  remarked  that  the  cold  summers  alluded  tb 
by  travelers  decide  nothing  with  regard  to  the  mean, 
Mcause  the  very  large  mass  of  winter  that  is  found  in  this 
hemisphere  must  greatly  mitigate  the  rigour  of  the  winters. 
The  following  facts  prove  that  the  difference  is  not  so  great 
as  it  has  been  described. 

In  his  second  voyage,  Oook  could  scarcely  pass  beyond 
the  polar  circle ;  but  more  recently,  VTeddel  found  the  sea 
free  to  the  74th  degree  of  south  latitude.*  Forater's  account 
appears  exaggerated :  he  thus  speaks : — ^*  In  the  middle  of 
summer  the  mountains  and  the  coast  of  New  Georgia  are 
covered  with  snow,  even  to  the  edge  of  the  sea ;  it  is  only  on 
certain  spots  more  exposed  to  the  sun  that  this  bed  is  able  to 
melt,  and  leave  the  earth  bare.  On  the  spot  where  we  landed 
we  found  only  two  plants,  the  Ancistrum  decvmhens,  and  the 


*  The  ice-bank  by  which  navlgfttorf  are  stopped  ooenples  every  year  a 
difterent  place,  and  preeento  Tery  rariable  soluilona  of  continuity.  Thut,  in 
his  two  attempts  to  adnmce  towards  the  south  pole,  DuxoMT-DraviLLK  was 
•topped  each  time  near  the  polar  circle,  although  he  tried  several  times 
to  penetrate  into  the  ice.  Since  his  time,  Mr.  Jamks  Roes  Ibund  the  sea 
DATigable  as  ikr  as  78*  4'  of  south  latitude. 
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Dactylis  ghmerata.^  It  would,  undoubtedly,  be  a  Tery  ex- 
traormnary  ctimate  m  54*  SO',  to  produoe  only  two  phane- 
rogamic plants,  and  where  the  eartn  should  be  thus  covered 
with  snow  all  the  summer :  but  Cook's  account  shews  that 
glaciers  descend  from  elevated  mountains ;  and  the  sta^  of 
Sie  voyagers  was  much  too  short  to  induce  me  to  bebeve 
that  they  had  collected  all  the  flowers  of  the  island.  Ck>tfk 
mentions  a  moss,  of  which  Farster  does  not  speak  ;*  IRTaddel, 
who  visited  the  island  more  reoentlv,  says  that  the  grass  is 
six  decimetres  hizh,  and  that  he  &una  a  larse  quantity 
of  antiscorbutic  plants.  South  Nova  Scotia,  wnich  is  situ* 
ated  several  degrees  farther  south,  produces  also  a  grass  and 
a  lichen. 

The  description  that  Fos«t«r  gives  of  Terra  del 
Fuego  is  not  more  flattering.  *"*  The  west  coast,**  says  he, 
*'  is  a  chain  of  naked  rocks,  me  summits  of  which  are  covered 
with  snow.  In  a  large  harbour,  situated  at  the  north-west 
of  Cape  Horn,  where  we  passed  several  days,  we  did  not  find 
the  least  trace  of  ve^tation,  except  a  moss  which  covered 
marshy  places ;  and  m  ravines,  and  certain  valleys,  a  shrub 
and  a  few  thinly  scattered  trees.**  CkM»k,  on  the  oontnuy, 
speaks  of  the  same  spot  as  being  very  rich  m  wood  and  m 
herbaceous  plants ;  and,  more  southerly,  lRr«ddel  was  able 
to  make  planks  from  the  trees  with  which  he  met.  Banks 
was  more  fortunate  than  Forstsr ;  in  the  Bay  of  St.  Vincent, 
near  the  Strait  of  lieaaslrs,  he  found,  in  the  spu%  of  four 
hours,  a  hundred  species  of  new  plants,  herbaceous  and 
woody.  The  birch  (Betula  antarctica)^  of  which  the  woods 
consist,  had  a  trunk  nine  or  ten  metres  high,  and  six  or 
eight  decimetres  in  circumference ;  and  yet,  as  these  trees 
were  near  the  sea,  we  must  admit  that  they  did  not  attain 
their  full  developement.  One  degree  further  to  the  north, 
near  Port  Famine  Tmean  temp.  5°),  BTron,  Fitsroy,  and 
Dnmcmt-Dwrlllay  round  the  shores  of  the  Straits  of  Ma- 
gellan covered  with  forests  of  most  magnificent  antarctic 
beech-trees,  called  Fagtu  aaUarcHca,  Some  of  the  trees 
were  2,4  metres  in  diameter ;  the  woods  were  tenanted  by 


*  FomsTKS  hms  greatly  exaggerated  the  poverty  of  the  flora  of  this  ooantiy. 
For  a  long  time,  also,  on  the  faith  of  BIa&temi  of  Hamburg,  PBim,  ScomasBT, 
PAKaT,  and  Babink,  it  has  been  thought  that  the  number  of  planta  at  Spits- 
bergen did  not  exceed  a  hundred.  Since  the  royage  of  Rbiluau,  and  thooe 
of  the  Commisaion  of  the  North,  the  total  number  of  the  plants  found  in  this 
isle  atnouiiU  to  810.  (Vide  Florth  1849,  No.  81.)  At  Magdalena  Bay,  In 
1^  28'  north  latitude,  in  a  very  limited  spaoe,  exposed  to  all  the  violenoes  of 
the  sea-breezes,  I  collected  twenty-fomr  phanerogamic  plants.  A  list  of  them 
is  found  in  my  Obtenaimu  on  tke  Olaeien  (ff  SpOubergen  {BiblMkiqwe 
UniverseUe,  July,  1840).— M. 
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pifrots,  and  the  natives  ^rere  quite  naked — a  proof  thai  the 
winter  is  not  veiy  ngorouB. 

BatfToWs  reporte,  on  the  expedition  of  the  ships  Ad* 
venture  and  Beagle^  agree  with  these  relations.  Aceordinff 
to  him  the  east  part  of  Terra  del  Fuego  is  the  hest  of  afl 
the  countries  which  are  situated  sooth  of  45°  of  south  lati- 
tude. The  woody  mountains  of  the  west  are  reduced  to  the 
rank  of  hills,  or  plains,  covered  with  trees.  The  climate  is 
a  mean  between  that  of  East  Patagonia  and  West  Terra  del 
Fuego,  which  is  penetrated  bjr  a  deep  hay,  with  islands 
studded  with  mountains,  rifling  to  about  600  metres.  The 
weather  is  cloudy,  rainv,  and  unsettled,  throughout  the 
year.  The  west  part  of  Patagonia  is  formed  of  a  great 
number  of  islands,  the  interiors  of  which  are  covered  with 
impenetrable  forests ;  the  rain  is  continual,  and  the  earth  is 
never  dry. 

These  gales  and  incessant  rains  render  the  summer  of 
these  countries  very  diragreeable,  but  the  winters  are  very 
mild ;  and  although  at  Port  Famine  the  thermometer  does 
not  rise  above  9^,8,  it  does  not  fall  so  low  as  the  freezing 
point  during  the  winter.  This  climate  is,  therefore,  very 
analogous  to  that  of  West  Norway,  where  the  rain  re« 
freshes  the  summers,  and  keeps  the  winters  warm.* 

Attempts  have  been  made  to  explain  this  lower  tempera- 
ture of  the  southern  hemisphere ;  it  has  been  said  that  the 
summer  is  some  days  longer  in  the  northern  hemisphere  than 
in  the  other ;  but  this  difference  is  of  trifling  importance, 
and  is,  moreover,  compensated  in  a  great  measure  by  the 
lesser  distance  of  the  earth  from  the  sun  during  its  south 
declination. 

Others  have  spoken  of  the  great  mass  of  water  that  is 
found  in  the  southern  hemisphere ;  the  water  reflects  one  part 
of  the  rays,  and  the  other  penetrates  into  its  interior,  and 
does  not  contribute  toward  heating  its  surface.  But  it  must 
be  allowed  that,  in  the  course  of  ages,  the  heating  of  the  in- 
terior strata  must  Ions  ago  have  attained  its  limit.  It  would 
be  the  same  if  we  wishal  to  instance  the  greater  calorific 
capacity  of  water  compared  with  that  of  the  earth ;  this  cir- 
cumstance must  have  an  influence  over  the  extent  of  the 
diurnal  variations,  but  not  over  the  annual  mean.  We 
may  even  deduce  from  it  the  opposite  consequence :  which 


*  The  mildneaB  of  these  elinuites  is  also  due  to  a  current  of  warm  water 
that  aaeendB  along  the  west  coast  of  South  America,  and  traTenes  the  Straits 
at  Magellan.  I  obtahi  this  information  ftrom  Captidn  DorKAEET,  who  has 
Toyaged  in  these  latitndee.— M. 
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18,  that  the  Bonthem  hemisphere  ought  to  he  hotter  than  the 
other,  on  account  of  the  greater  mass  of  water  that  covers 
it ;  for,  as  the  surface  of  the  earth  itself  evaporates  less 
than  the  water,  the  vapours  come  from  the  west  seas ;  and, 
as  the  atmosphere  that  covers  them  is  drier  than  that  of  the 
west  seas  of  our  hemisphere,  the  latter  ought  to  he  colder, 
on  account  of  the  more  active  evaporation,  and  the  greater 
quantity  of  heat  that  hecomes  latent,  in  consequence  of  this 
evaporation. 

J  think  it  is  to  the  particular  configuration  of  the  south 
continent  that  must  he  attributed  its  low  temperature  in 
high  latitudes.  In  the  northern  hemisphere  the  equatorial 
currents  are  ui^ed  toward  the  high  latitudes  by  the  pre- 
vailing S.W.  wmds ;  in  the  other  nemisphere,  on  the  con- 
trary, the  current  of  the  Indian  sea  turns  to  the  north,  or 
the  west  coast  of  Africa.  It  could  not.,  therefore,  heat  the 
countries  that  surround  the  south  pole.  It  appears,  also, 
that  there  are  no  currents  goinff  from  Cape  Horn  to  the 
south  pole;  if,  as  modem  travels  seem  to  prove,*  there 
exist  extensive  territories  in  the  neighbourhood  of  this  pole, 
they  ought  to  turn  back  the  equatorial  currents ;  and,  their 
climate  bein^  verv  severe,  they  would  also  cool  the  current 
of  air  by  which  they  are  traversed-f 

TEMPERATURE  OF  THE  GROUND.— If  a  spherical 

body,  that  is  a  bad  conductor  of  heat,  be  exposed  in  the 
open  air,  having  in  its  centre  the  bulb  of  a  thermometer, 
the  scale  of  which  is  visible  exterierlv,  the  diurnal  varia- 
tions of  this  thermometer  would  be  less  than  those  of  an 
instrument  suspended  freely  in  the  air;  their  amplitudes 
will  be  the  less,  the  more  solid  the  body  is,  or  the  more  its 
substance  is  a  bad  conductor  of  heat.  The  temperature  of 
a  body  of  this  nature  will  be  never  very  far  away  from  the 

*  Bee  especially  those  of  Biscob,  Wxddbl,  Balent,  DuMONT-DcftvnxB, 
and  James  Roea. 

j  Perhaps,  in  eiplabiing  the  unequal  temperature  of  the  twohemUpheres, 
we  ought  to  include  the  radiation  of  the  ground  toward  celestial  space,— a 
radiation,  the  intensity  of  which  may  vary  according  to  the  different  regions 
of  space,  as  M.  Podiujet  points  out.  Infinite  space,  peopled  with  the  my- 
riatU  of  stars  that  surround  us,  with  regard  to  Its  thermic  effects,  may  be 
ideally  represented  by  an  immense  hollow  sphere,  the  sur&ce  of  which 
is  retained  at  a  certain  constant  temperature,  that  might  vary  firom  one 
point  of  the  surfsoe  to  another.  It  is  not  imposdble  that  the  mean  tem- 
perature of  the  south  polar  regions  of  this  hollow  sphere  would  be  notably 
lower  than  that  of  the  regions  near  the  north  pole  of  the  said  sphere,  and 
the  inequality  of  the  temperatures  of  the  two  hemispheres,  which  are  sepa- 
rated by  the  plane  of  the  celestial  equator,  might  induce  a  corresponding  in- 
equality in  the  two  hemispheres  of  the  earth.  This  thought  is  susoeptihle 
of  verification ;  and  properly  conducted  admometric  experiments  may  one 
d«y  decide  this  delicate  question. — Bi. 


^^1 
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mean  of  the  day  on  wbichthe  obeervation  is  made — a  mean 
that  may  be  deduced  from  a  single  or  from  two  daily  ob- 
servations. 

The  terrestrial  globe  is  a  body  of  this  kind.  Thermo- 
meters famished  with  long  tubes  are  buried  in  the  ground, 
and  their  indications  are  noted  every  day.  In  Germany,  at 
six  decimetres  deep,  the  diurnal  variation  disappears.  If 
the  bulb  is  buried  still  deeper,  the  hours  have  no  influence ; 
and  the  indications  do  not  change  in  the  course  of  the  day. 
Finally,  between  six  and  ten  metres  the  instrument  inm- 
cates  throughout  the  day  a  temperature  which  is  ver^ 
nearly  that  of  the*annual  mean.  The  depth  at  which  this 
constant  temperature  is  found  depends  on  the  conductibility 
of  the  soil,*  and  especially  on  the  difference  between  the 
means  of  winter  and  those  of  summer.  In  tropical  America, 
where  this  difference  amounts  to  only  a  few  degrees,  we  have 
merely  to  plunge  the  thermometer  to  a  depth  of  five  or  six 
decimetres  in  order  to  obtain  this  mean.-f* 

*  Mr.  FomBn  nude  some  oomparatiye  experiments  near  Edinburgh,  on 
the  Tftriatlons  of  temperature  at  tUfferent  depths  in  the  trap  of  Calton  Hill, 
In  a  homogeneous  bed  of  sand,  and  In  the  coal-sandstone  of  Cndi^eith. 

KAXIinJM  AXTLITUDS  OW  THS  AKFUAL  VAMATIOir. 


BOCO. 

TDOS  or  THB  MAXIMA  Of 

TSMPSKATUmX. 

m. 
1,0 

m. 
1,9 

m. 
8.9 

m. 

7.8 

ro. 
1.0 

m. 

1,9 

m. 
3,9 

m. 

7.8 

Trap  .    . 
Sand    .    . 
Sandstone 

10*,ft3 

11  ,33 

9,58 

6»,61 
8,30 
7,73 

8»,  ft 
4,19 
ft, 23 

OP.80 
1  ,16 
3,38 

6  Aug. 

31  July 

ft  Aug. 

2  Sep. 
24  Aug. 
19  Aug. 

17  Oct. 

7  Oct. 

11  Sep. 

8  Jan. 
30  Deo. 
11  Not. 

These  results  are  corrected  for  the  expansion  and  contraction  of  the  part 
of  the  thennometric  rods  that  is  buried,  and  of  that  which  is  exposed  {Coiiyt- 
ta  rendus  de  VAcadimie  des  Sdeneet,  t.  vlil.  p.  86*.  1839).~M. 

t  We  are  indebted  to  M.  Boubsinoault  for  this  result,  which  he  obtained 
1^  a  great  number  of  obeerratlons.  Thus,  at  the  village  of  Vega  de  Zupia, 
In  the  Cordilleras,  elevated  123ft  metres  above  the  sea,  long  series  of  thermo- 
msAric  obserrations  made  in  the  open  air,  in  183ft,  1836,  and  1839,  have  ena- 
bled us  to  fix  the  mean  temperature  at  31%ft.  At  three  decimetres  below  the 
sorfisce,  in  a  closed  hole  roofed  over,  a  thermometer,  in  August  and  Septem* 
her,  marked  31*>A  or  ^1^6,  but  more  firequently  31%ft.  The  same  results 
were  obtained  In  the  mines  of  Marmato,  at  1486  metres  above  the  sea;  at 
the  viUaice  of  Purace,  3651  metres;  at  Popajan,  elevated  1808  metres;  and 
at  Quito,  which  is  3914  metres  above  the  sea. 

M.  BoussiNOADLT  has  given,  p.  344-7,  AmuUei  de  Chimie  et  de  Pkjftique, 
t.  liii.  1833,  the  mean  temperatures  of  138  points  situated  between  11**  north 
latitude,  and  5*  south  latitude. 

This  rule  is  not  at  all  applicable  to  our  hemisphere,  where  very  dUbrent 
laws  prevail  as  we  approach  the  pole.  At  Jakoutsk,  in  Siberia,  in  63"  of 
latitude,  and  at  a  mean  temperature  of  —9^,7  {vide  the  SAetoh,  p.  476), 
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If  themMnneteTBy  buried  at  diftrent  dcpdii,  are  pbeed 
near  each  oifaer^  not  onhr  will  their  varisbons  be  reduced, 
but  their  ranges  will  diner  considerably  from  that  of  the 
temperature  of  the  air.  The  days  when  these  thermome- 
ters will  attain  their  maxima  and  minima  vrill  oecur  sooner 
or  later  after  those  on  which  the  thermometer  in  the  open 
air  will  indicate  these  extreme  temperatures.  If  the  bulb 
of  the  thermometer  is  buried,  for  example,  l^^S,  in  the 
ground,  the  mimmum  will  take  place  in  Much,  the  maximum 
m  September,  that  is  to  say,  two  months  after  the  miaiiwiim 
and  maximMm  in  the  air.  In  fact,  when,  durinr  summer, 
Uie  temperature  of  the  air  and  of  the  snrfiiee  of  tne  ground 
is  raised,  the  heat  penetrates  slowly  through  this  badly 
eonductiBg  body ;  and  some  time  elapses  before  the  thermo- 
meter is  influenced  by  these  changes.* 

M.  ExMAV,  and  aft«r  htm,  M.  ScBXBotir,  took  the  temperature  of  ihe  grouad 
fai  a  pit  dog  for  the  puipoee  of  fladtaig  water.  The  foUowing  reaolta  ware 
obtained :— > 

DEFTB.  TIMPSEATITmB. 

16,2«  -r,5 

23.6  >6 ,9 

36.3  -6 .0 

116,5  -0,6 

(Vide  Con^tet  rendta  de  i  *Acaaimte  det  Scteneet,  t.  tI.  p.  601.  I838).>-M. 

*  M.  QusTBLBT.  director  of  the  Ohaerratory  of  Bmawla,  made,  from 
1834  to  1839,  a  series  of  obierrations  on  the  range  of  thermometers  buried  in 
the  ground  at  depths  of  0-,19;  0".46;  0«,76;  l-,00;  l-,96 ;  3-.90;  and 
7«,80.  The  results  to  which  he  arrived,  and  their  mathematical  discussion, 
form  the  subject  of  two  long  memoirs,  inserted  Sn  the  tenth  and  thirteenth 
Tolumesof  the  Memoin  qftke  Bnatela  Academy.  In  this  place  I  can  only 
give  the  general  consequences  that  he  has  deduced  from  his  observations. 

1st.  The  mean  rate  of  the  transmission  of  heat  from  the  surface  of  the 
ground  was  7">,80,  In  144  days,  which  gives  three  decimetres,  traversed  in  six 
days. 

2d.  On  comparing  the  observations  of  Paris,  Strasbourg,  Zurich,  and  Brus- 
sels, he  finds  that  the  annual  variations  are  null  at  a  depth  of  twenty-four 
metres.    The  amplitudes  observed  at  Bruasels,  frxun  1834  to  1837,  were— 


DEPTH. 

AWKUAL  VASIATIOm. 

0,19- 

I3*,28 

0.46 

12.44 

0,75 

11.36 

1.00 

10,68 

1,95 

7,69 

3,90 

4,49 

7,80 

1.18 

8d.  The  rapidity  with  which  the  diurnal  variations  of  temperatures  are 
transmitted  to  the  interior  of  the  earth  is  about  three  hours  for  a  bed  of 
earth  one  decimetre  thick. 

4th.  Diurnal  variations  may  be  eonrfdered  as  almost  nothing  at  the  depth 
of  ia,3,  that  is  to  say.  at  a  depth  nineteen  tfanes  less  than  that  to  which 
these  annual  variaUons  extend  in  a  like  degree.  At  8",6  deep,  M.  Bbavais 
observed  at  Bosekop  a  variation  not  exceeding  one  degree. 

The  mean  temperature  of  the  year  is  deduced  from  those  of  the  ground, 
by  having  reoonrse  to  one  of  the  three  foUowing  methods  t— 


TSMPBtATtftS  OF  8FBIV0B.  Wt 

TBMVBKATURfi  OF  S^BINOS.— S|>ringS  ftlld  fi>an- 
tains  owe  their  origin  to  rain-waters,  which  penetrate  hr  the 
clefts  and  fiwnres  of  the  soil,  collect  into  reservoirs,  and  ran 
out  when  they  find  an  issue.  Hence  it  is  ohserved  in  all 
eountries  that,  after  long  drought,  the  springs  diy  up; 
whilst  thev  heeome  more  abundant  after  continued  rains. 
During  raray  years  miners  hare  much  difficulty  in  protect- 
kig  themselyes  from  infiltrations;  but  the  narrowness  of 
the  channels  in  which  the  water  circulates  is  such,  that  it  is 
not  until  several  days,  or  even  several  weeks,  after  a  heavy 
ndn,  that  these  infiltrations  become  more  abundant. 

The  water  being  thus  for  a  long  time  in  contact  with  the 
different  beds  of  which  the  soil  is  composed,  the  equilibrium 
of  temperature  is  established  between  them :  according  as 
the  rain-water  is  hotter  or  colder  than  the  terrestrial  strata, 
it  cools  or  warms  them.  If  it  is  collected  in  a  subterranean 
reservoir,  sufficiently  deep  that  the  diurnal  variations  have 
no  longer  any  power  to  act  on  it,  it  will  acquire  a  certain 
d^ee  of  temp«rature.  In  passing  out  by  any  channel,  its 
temperature  will  be  modified  by  tne  sides  of  this  conduit ; 
it  will,  therefore,  be  reduced  in  winter  and  elevated  in  sum- 
mer, especially  if  we  think  of  the  great  capacity  of  water 
to'heat. 

Abundant  springs,  which  come  from  a  great  depth,  have 
almost  invariably  the  same  temperature  througnout  the 
year.  It  is  not,  however,  identiced  with  that  of  the  soil, 
although  for  a  long  time  we  have  thought  we  could  admit 
this.  If  mountains  rise  abruptly  above  the  plain,  the  foun- 
tains that  play  at  the  foot  of  the  mass  will  be  colder  than 
those  that  appear  in  the  plain  at  a  little  distance.  The 
water  which  penetrates  the  soil  at  the  summit  of  the  moun- 
tain is  very  cold,  especially  when  it  arises  from  the  melting 
of  snows :  it  then  cools  the  strata  through  which  it  passes, 
so  that  mountain-springs  have  generally  a  very  low  tem- 
perature. 

Spriuffs,  whose  temperature  is  constant  throughout  the 
course  of  the  year,  are  very  suited  for  determming  the 

Ift.  Bj  a  single  observmtion,  taking  the  temperatare  of  th«  earth,  at 
tventy  metres  deep,  and  correcting  it  ftn*  the  rise  of  temperature.  In  pro- 
portion to  this  depth,  which  may  be  esthnated  at  one  d^ree  for  each  thirty 
or  thirty-flre  metres ; 

2d.  By  the  obserrationa  of  two  separate  months  of  a  half-year,  taking 
the  tempenUnre  at  a  few  yards  deep  onl^ ; 

3d.  By  the  observations  of  fonr  months  equally  distributed,  reading  ther- 
mometers placed  in  the  open  air,  or  on  the  surfiKce  of  the  earth. 

The  question  of  the  temperature  of  the  globe  has  been  treated  with  the 
ftillest  details  in  the  work  by  Professor  6.  Bischopt,  enUtled,  Die  Waermtlektv 
der  innem  wuert  Erdkctrpert ;  Leipslc,  1837.— M. 
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mean  temperatnfe  of  the  year,  becanse  two  or  three  obeerv- 
ations  are  sufficient  for  Knowing  this  mean  temperature. 
However,  we  should  not  forget  a  remark  first  made  by 
iKTahlmiberv.  Having  observed  in  the  neighbourhood  of 
Upsal  a  great  number  of  springs,  some  of  which  preserved  a 
constant  temperature,  whilst  that  of  others  was  variable,  he 
found  that,  at  a  mean,  the  constant  springs  had  a  higher 
temperature  than  the  others.  This  is,  beotuse  they  come 
from  a  great  depth.  Experiments  made  on  Artesian  wells 
shew,  in  the  most  evident  manner,  that  temperature  in- 
creases with  depth.  The  water  of  some  of  these  wells,  and 
of  almost  all  mineral  springs  that  are  not  thermals,  gives  a 
higher  degree  of  temperature  than  that  which  corresponds 
to  the  depth  of  their  reservoir :  hence,  it  is  often  very  diffi- 
cult to  decide  whether  a  spring  may  be  made  use  of  in 
meteorological  researches.* 

Roelmek  was  probably  the  first  to  advise  the  observa- 
tion of  springs  in  order  to  obtain  the  mean  temperature  of  a 
glace.  He  observed  that  those  of  London  and  Edinbureh 
aye  a  temperature  that  yery  closely  approaches  that  of  the 
annual  mean.  After  him,  John  Hunter  again  directed  at- 
tention to  this  subject  But  it  is  principally  the  obser- 
yations  of  MM.  da  Hnmboldt,  MTahlenberff,  de  Bnehy 
Brmani  and  KxspB^r,  made  in  alinost  all  parts  of  the  world, 
which  have  demonstrated  the  interest  of  researches  of  this 
kind. 


*  The  ezperlmante  of  M.  WALriBDiM,  in  the  ArteaUn  weUi  of  the  Paris 
baain,  are  contrary  to  the  opinion  of  M.  Kaemtz,  who  insista  that  the  tem- 
perature of  the  watera  playing  from  an  Arteaian  well  are  higher  than  that 
which  they  ought  to  have  In  reapect  to  the  depth  of  the  reaenroUr.  M.  Wal- 
vwaniir  made  uae  of  hia  inverting  thennometer.  Theae  inatrumenta,  of 
which  a  deacription  and  flgnre  are  given  in  M.  FouuxET'a  Elhments  de  PAy- 
tifMe^  t.  ii.  p.  507,  wiAftg.  366,  were  protected  from  preaaure ;  and  the  author 
alwaya  employed  aeveral  aimultaneoualy.  Their  agreement,  which  ia  often 
marreUoua,  i«  a  guarantee  to  the  oorrectneaa  of  the  reaulta.  The  following 
are  inatanoea : — 


▲inaiAH  wsLLa. 

DBPTB. 

1         1    Foa 

MiUtary  School . . . 
8t.  Andri  (Eure)  . 

Qrenelle ) 

187- 
S58 

400 
400 
ft05 

16*,40 
17,96 
23,60 
23,76 
26,43 

80«,86 

30  .96 

31  ,60 
80  ,87 
82  ,80 

To  deduce  the  law  of  the  Increaae  of  temperature  in  proportion  to  the 
depth,  the  conatant  temperature  of  1^,7.  which  ia  that  of  a  thennometer 
plaoed  28  metrea  deep,  In  the  cellara  of  the  Obaerratory,  haa  been  taken  aa  a 
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The  differences  that  are  found  hetween  the  temperature 
of  springs  and  the  mean  of  the  years  are  due  to  the  climac- 
teric conditions  peculiar  to  each  locality.  In  Western  Europe 
there  is  an  equality ;  in  Western  Norway,  on  the  contrary, 
the  springs  appear  to  be  a  little  colder  than  the  air.  In 
proportion  as  we  recede  from  the  sea-shore,  in  that  part 
of  Europe  which  is  on  the  north  of  the  chain  of  the  Alps, 
the  springs  are  hotter  than  the  air;  and  the  difference  is 
greater  as  we  penetrate  more  deeply  into  the  interior  of  the 
Uontinent.  In  almost  all  Itdy,  and  between  the  tropics,  the 
sprinss  are  colder  than  the  mean  of  the  air. 

M.  de  Bnch  was  the  first  to  explain  these  apparent  ano- 
malies, by  attending  to  the  mode  of  the  formation  of  springs. 
If  it  never  rained,  the  soil  would  have,  at  a  certain  depth, 
the  mean  temperature  of  the  air ;  if  the  same  quantity  of 
rain  fell  every  month,  and  if  we  admit  that  this  rain  is  at 
the  temperature  of  the  air,  the  mean  of  the  springs  would 
be  equal  to  that  of  the  air.  This  is  the  case  in  England, 
where  as  much  rain  falls  in  winter  as  in  summer.  In  coun- 
tries, on  the  contrary,  where  the  summer  rains  exceed  those 
of  the  winter,  the  mean  temperature  of  the  water  that  falls 
is  higher  than  that  of  the  air,  and  the  springs  are  in  the 
same  condition.  So,  also,  in  Sweden  and  Crermany,  the 
springs  are  many  degrees  warmer  than  the  annual  mean. 
The  contrary  occurs  in  countries  where  it  rains  much  in 
winter,  as  Norway  and  Italy.  In  tropical  countries,  the 
temperature  falls  rapidly  at  the  commencement  of  the  rainy 
season;  but,  in  the  localities  where  it  rains  in  intervals 
throughout  the  year,  there  is  an  identity  between  the  heat 
of  the  springs  and  that  of  the  air. 

DECRBA8E      OF      TBMPSRATUSE     W^ITH     THB 

HEIGHT. — In  proportion  as  we  ascend  a  mountain,  it  is 

•tartiiig  point.  Thtu  it  is  prored  that  in  the  chalk  strata,  which  forms  the  lower 
part  of  the  Paris  basin,  the  ttrmperature  increases  1*  for  every  31  or  82  metres. 
The  last  of  these  numbers,  obtained  by  MM.  A&aoo  and  Walfkbdik,  in  ex- 
periments made  by  them  at  the  well  of  Grenelle  with  most  minute  careftil- 
oess,  has  yet  been  dLq>nted  by  philosophers ;  but  it  was  eas7  to  shew  its 
aoeoracy,  since  the  water  flows  to  the  surftce  of  the  soil.  We  know,  indeed, 
that  it  comes  ftx»m  a  depth  of  548  metres,  if  the  notation  of  96^43  est*- 
bll^ed  for  605  metres,  and  the  law  of  1**  of  increase  for  every  32,3  metres* 
which  has  l>een  deduced  flrom  It,  be  correct,  we  must  find,  firom  this  latter 
datum  for  48  metres,  the  difference  between  the  depth  of  505  and  548  metres, 
l*,a8,  which,  when  added  to  96^4^,  obtained  for  605  metres,  makes  S7*,76. 
Now,  the  water  that  comes  to  the  surface  has  a  temperature  of  flrom  27^65 
to  37^70,  and  this  n^nimum  difference  corresponds,  as  M.  WALrsRDiK  was 
assured  of  by  experiments  of  another  kind,  to  the  diminution  of  temperature 
that  flowing  water  experiences  In  ascending  flnom  a  depth  of  548  metres,  to 
the  upper  orifice  of  the  well. 

We  see  that  it  was  difiicnlt  to  And  a  more  striking  agreement  between 
the  latter  temperatures  obtained  before  the  starting  forth  and  those  of  the 
water  that  now  mns  on  the  surfoce  of  the  soil.— M. 


aio 

found  that  the  temperature  Mia.  Gases  may  undoubtedly 
oecur  in  which  this  fail  is  nothii^,  or  in  which  it  is  even 
warmer  above  than  below;  but  these  exceptions  are  rare, 
and  are  to  be  traced  to  the  direction  of  the  winds  and  to  the 
season.  Sometimes,  indeed,  warm  south  winds  prevail  above 
whilst  the  north  wind  blows  on  tiie  plain.  To  know  the 
laws  of  the  decrease  of  temperature  with  the  he^ht,  we 
must  take  the  mean  of  a  great  many  observations.  The  law 
according  to  which  temperature  decreases,  as  to  the  limits  of 
the  atmosphere,  is  yet  unknown ;  however,  within  the  limits 
that  have  nitherto  been  examined,  we  commit  no  great  error 
in  admitting  that  the  same  differences  of  level  correspond  to 
the  same  differences  of  temperature.  If,  then,  we  know  the 
first  of  these  quantities  we  shall  divide  it  b  v  the  second,  and 
the  quotient  will  indicate  the  number  of  metres  that  we 
must  ascend  in  order  that  the  temperature  may  fall  one 
degree. 

Long  series  of  correspondent  observations,  made  at  great 
differences  of  level,  shew  that  this  decrease  varies  with  the 
season  and  with  the  hour  of  the  day.  The  observations  that 
de  Sanasiire  continued  for  seventeen  days,  on  the  Col  du 
Gr^ant,  3428  metres  above  the  sea,  whilst  simultaneous  ob- 
servations were  being  made  at  Geneva  (407  metres),  and  at 
Chamouni  (1044  metres),  have  made  the  horal  influence 
evident.  According  to  the  observations  of  de  Bmmwnr;  and 
those  which  I  made  on  the  Rigi  (1810  metres),  while  obser- 
vations were  being  made  at  Bc^le,  at  Berne  (548  metres),  at 
Geneva,  and  at  Zurich  (459  metres),  the  following  are  the 
heights  in  metres  which  we  must  ascend  in  order  to  obtain  a 
decrease  of  one  degree : — 


DBC1IBA8B  OF  TEHTEBATDIUB  WITH  THE  HEIGHT.      211 


BUTBEEKCE  OF  LEVEL,  GOREBSPONBINO  TO  A  FALL  OF  1^ 
OF  THE  THEBMOMETEB,  AT  ALL  HOURS  OF  THE  DAT. 


COLDU 

COL  DU 

HOURS. 

RI6I. 

HOURS. 

^ 

RIGI. 

GEANT. 

GEANT. 

m. 

m. 

m. 

m. 

Noon. 

147,93 

129,81 

Midnight 

170,93 

163,91 

1 

»» 

131,75 

13 

i^ 

168,40 

2 

139,94 

128,83 

14 

189,06 

174,63 

3 

»» 

127,08 

15 

n 

180,68 

4 

141,89 

124,35 

16 

209,91 

185,16 

5 

11 

121,81 

17 

11 

186,33 

6 

140,92 

122,01 

18 

194,90 

178,92 

7 

w 

127,86 

19 

11 

168,01 

8 

143,06 

135,65 

20 

179,90 

153,19 

9 

n 

144,42 

21 

^y 

144,42 

10 

156,90 

152,02 

22 

160,02 

139,36 

11 

n 

158,46 

23 

n 

121,95 

Mean 

(Col( 
••   iRigi 

in  Geant 
... 

.  164,69 
.  149,10 

(Vide  Appendix,^.  19.) 

De  Sansanre  made  observations  during  the  night ;  being 
alone,  I  could  not  read  the  barometer  longer  than  from  five 
in  the  morning  till  ten  in  the  evening,  and  the  laws  of  noc- 
turnal decrease  are  deduced  from  those  of  the  day.  Although 
these  tables  present  a  few  anomalies,  yet  thej  render  the 
diurnal  period  clearly  evident.  About  five  m  the  even- 
ing is  the  time  when  the  decrease  of  temperature  is  most 
rapid,  and  towards  sunrise  it  is  slowest.  The  difference  that 
corresponds  to  these  two  times,  deduced  from  observations,  is 
equal  to  about  the  third  of  the  mean  height  that  we  must 
ascend  in  order  to  obtain  a  fall  of  one  de^ee.  The  difference 
of  the  two  means,  164*,7  and  149",1,  is  derived  from  the 
differences  that  the  meteorological  phenomena  presented  in 
the  course  of  the  two  series.* 

•  If  the  diurnal  ywriation  of  the  themiometer  CoUowed  the  same  laws  on 
moontaLos  and  on  plains,  the  two  thermometerB  woold  riae  and  fail  slmul* 
taneoiialy;  and  their  naig6a»  remaining  parallel,  the  difference  of  their  in- 
dicatlona  would  be  constant.  The  decrease  of  temperature  would  not  vary 
•eoordfaig  to  the  hours  ef  the  daj.  But,  if  the  two  dlumal  enrres  of  tlM  tem- 
peratere  of  the  two  stations  are  oonstrueted  grsphlcallsr  (takingthe  timeas  the 
■bsetssa),  we  immediately  recognise  the  want  of  paralleliam.  In  the  Mlow- 
liig  uble  M.  Beatais  has  chosen  for  his  tower  sCatloR  the  mean  of  eorrs> 
spending  obeerratloiis  made  at  Milan,  Oenera,  §a4  Zoiioh.     The  upper 
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The  annual  period  is  not  less  marked  in  our  dimates ; 
the  nmaltaneouB  meteorological  series  made  at  Geneva  and  on 

■tation  WM  on  the  Bmnmlt  of  the  Fftolhom,  S673  metres.  In  the  canton  of 
Berne.    The  ohserrationa  lasted  forty-four  daji ;  their  mean  epoch  corree 
ponds  to  Angnst  18, 1S41. 

DBCBIASB  OP  TBMPBEATUKX  BXTWIKIT  M1I.AM,  OBirKVA,  XUBICH,  AHB 

THX  FAULBOEH. 


BOUBS. 

STATIOKB. 

DirrBBmcB. 

DBCBXASB 
OP  1**  POB 

I.OirXE. 

BIOBXB. 

0 

21%45 

6^30 

15M6 

166« 

3 

32,28 

5.71 

16.67 

139 

6 

20,91 

4,09 

16.82 

139 

9 

17,86 

3,10 

14.76 

169 

13 

U.67 

2.95 

11  .72 

200 

16 

•    •    • 

2  ,66 

•    •   ■ 

200? 

18 

14.88 

3  .53 

12.35 

190 

21 

18,86 

4,21 

14,64 

160 

Mean 

•         •         •         • 

170« 

{yUe  Appendiz,y^.  20.) 

During  winter  the  results  appear  to  be  somewhat  diifierent.  In  January 
1827,  M.  EscsMAMM  remained  for  eleven  days  on  the  Rigi,  while  Hobnbb 
was  making  obsenrations  1370  metres  lower.  The  following  are  the  hourly 
means: — 

dxcbbasb  or  txmpbbatubb  bbtw; bv  sdbich  amd  tbb  bioi,  ik  wxhtkb. 


BOUBS. 

STATIOKS. 

DBCBXASB 
OP  1^  POB 

HIOBSB. 

LOWJCB. 

0 

-0».60 

-2».  6 

-a».  9 

637- 

1 

-0.60 

-2.5 

-1,9 

719 

2 

-0.40 

-2.4 

-2.0 

685 

8 

-0,90 

-3,  0 

-».  1 

651 

4 

-1.60 

-4,  1 

-8.6 

537 

6 

-2,00 

-5,  0 

-8,  0 

457 

6 

-2,40 

-6.6 

-8.  1 

442 

7 

-2,60 

-5,75 

-3.35 

420 

8 

-2,76 

-6,9 

-3.16 

485 

9 

-2.70 

-6,25 

-8,55 

385 

10 

-2.76 

-6.25 

-3,  5 

889 

19 

*  * ; 
-4.6 

•    •    • 

-6,9 

•    ■    ■ 

-2.8 

•  •   • 

596 

20 

-4.4 

-6.5 

-3.  I 

651 

21 

-8,  6 

-5,  5 

-1,9 

719 

32 

-2.9 

-4,4 

-1.5 

918 

23 

-2,0 

-2,75 

-0,75 

1828 

The  differences  of  temperature  are  more  feeble  during  the  night  than  by 
day,  which  is  precisely  the  rererse  of  what  happens  in  summer.  The  habltnaUy 
haay  state  of  the  lower  strata  during  winter  may  account  for  this  dUforenoe. 
MoreoTcr.  the  different  terms,  the  means  of  which  are  represented  by  tlM 
figures  in  the  column  marked  dcf^bnencr,  are  very  irregular;  tne  thermic  state 
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St.  Bernard  enable  us  to  calculate  the  laws.  I  have  also  com- 
pared places  whose  difference  of  level  does  not  rise  to  more 
than  100  or  150  metres.  The  temperature  of  a  place  depends 
on  its  latitude,  its  longitude,  and  on  its  elevation  above  the 
level  of  the  sea.  Although  we  do  not  well  know  the  mathe* 
m^tical  relation  existing  between  temperature  and  these 
three  elements,  yet  we  may  find  it  for  a  surface  of  small  ex- 
tent, and  have  regard,  in  the  developement  of  the  formula, 
to  the  three  co-ordinates  of  which  we  have  spoken.  I  have 
therefore  chosen  thirty  points,  situated  on  the  south  and  on 
the  north  of  the  Alps,  between  45°  and  50^  of  latitude,  and 
between  the  meridians  of  Vienna^  and  Paris,  and  I  have 
deduced  the  laws  of  the  distribution  of  heat  in  this  surface. 
I  have  thus  obtained  the  height  in  metres  to  which  we  must 
ascend  in  order  to  have  a  fall  of  1°  in  the  thermometer. 
The  following  table  contains  the  results  furnished  by  com- 
paring Geneva  and  St.  Bernard,  and  those  to  which  the 
calcuUtion  of  which  I  have  just  spoken  his  led  me : — 

DIFFEBBBCE  OF  LEVEL,  COBBESPONDIHO  TO  ▲  FALL  OF  1^  OF 
THB  THBBMOMETBB,  DV  THB  DIFFEBBBT  MONTHS  OF  THE 
TEAB. 


GENEVA 

8.  GEBMANT 

MONTHS. 

AND 

AND 

ST.  BEBNABD. 

N.  ITALT. 

• 

m. 

January.    . 

270,53 

257,27 

February    . 

222,58 

193,54 

March    .    . 

182,43 

159,63 

April      .    . 
May  .    .    . 

176,00 

160,60 

178,14 

157,87 

June      .    . 

176,19 

148,32 

July .    .    . 

181,07 

148,71 

August  .    . 

196,85 

145,98 

Sei^mber  . 

196,85 

161,96 

October  .    . 

195,88 

177,75 

November  . 

241,88 

195,49 

December  . 
Year .    .    . 

217,90 

233,49 

202,12 

172,68 

(Vide  Appendix,^.  21.) 

of  the  utmo^here  U  mnoh  more  Tariable  then  In  rammer.  In  winter,  Mid 
In  winter  Alone,  thofo  remarkable  interrereionB  of  temperature  occur,  thai 
an  ff^^vpif^^  fomid,  OTon  by  day,  higher  on  the  mountain  than  on  the  plain. 
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The  two  series  equally  prove  that  in  summer  the  ther- 
mometer falls  much  faster,  in  proportion  as  we  ascend,  than 
it  does  in  winter.  However,  tne  figures  present  very  notable 
differences — I  think  I  can  place  greater  reliance  on  those  in 
the  third  column ;  for  the  nill  on  which  the  hospice  of  St. 
Bernard  is  situated  is  exposed  to  south  winds,  which  may 
have  some  influence  over  the  thermometer.  These  local 
disturbances  vanish  when  we  compare  long  series  made  in 
different  localities,  as  is  the  case  in  the  last  column.* 

It  follows,  from  this  unequal  decrease,  that  the  difference 
between  the  winter  and  the  summer  means  is  less  the 
higher  we  go  into  the  mountains.  In  the  plains  of  Switzer- 
land, at  the  height  of  about  400  metres,  it  is  19°.  On 
St.  Gothard,  2091  metres,  it  is  14°,9,  and  on  St.  Bernard, 
2493  metres,  13°,5.  De  Sansanrc,  who  was  the  first  to 
make  this  important  remark,  thought  that  the  differences 
between  the  seasons  would  disappear  at  the  height  of  12000 
or  13000  metres.f 

The  decrease  of  temperature  has  also  been  studied  in 
South  America  by  de  Humboldt ;  he  found  that  it  was  1°  for 
every  191  metres  in  the  mountains,  and  243,5  metres  on  the 
plains.  A  series  of  places  in  South  India  gave  177  metres; 
in  the  north  of  Indostan,  on  the  contrary,  226,6  metres ;  a 
number  which  is  near  to  that  observed  by  M.  de  Himiboldt 
in  America,  for  the  plains.  Every  where  analogous  differ- 
ences of  level  are  attained ;  247  metres  in  West  Siberia,  a 
number  that  changes  to  243,5,  if  the  comparison  includes  the 


So  that  ve  ought  to  possess  a  very  much  greater  number  of  observations  in 
order  to  know  exacllj  the  daily  hibernal  range  of  the  differences  of  tem- 
perature between  ciro  stations  very  distant  firom  each  other  In  respect  to 
elevation. 

With  regard  to  the  summer  range  it  may  be  considered  as  well  known. 
Besides  M.  KAnm**  observations  on  the  Blgi,  and  the  Faalhom,  in  1832  and 
1833,  and  those  of  x>E  Saussckb  on  the  Col  du  G^ant,  we  have  also  the  ob- 
servations that  I  made  with  M.  Bbavalb  on  the  Paulhom  in  1S41 ;  and  the 
twenty  days  of  observations  by  MM.  Bkavais  and  Pblhse  on  the  same 
mountain  in  1843 ;  and  finally,  forty  days  of  observation  <m  the  Brocken  in 
1820,  by  MM.  (Esfkld  and  Rsnel.  All  agree  in  indicating  an  almost 
parallel  march  for  the  decrease  at  the  diflbrent  hours  of  the  day.— M. 

*  H,  ScHouw  has  studied  the  decreaae  of  temperature  on  the  north 
declivity  of  the  Alps.  On  comparing  the  long  series  made  on  St.  Oothard 
(2110  metres),  and  on  St.  Bernard  (2493  metres),  with  that  of  Turin  and 
Milan,  a  deereaseof  1«  Is  found  for  \W  metres  {Oimai  d*Italie,  p.  80).— M. 

t  On  Mont  Venteox,  a  rugged  and  Isolated  mountain  of  Fxovence,  lat- 
itude, 44'*  10"  N.,  longitude,  2«  56',  height,  1911  metres  above  tlie  Me- 
diterranean, I  found  by  nineteen  observations,  made  in  dlflterent  years  and 
in  different  seasons,  a  decrease  of  1*>  for  188  metres  in  winter,  129  metres  in 
summer,  148  at  a  mean.  Ramoiid*s  observations  {Recherche$  sur  la  prmute 
Saromkrique,  p.  189),  ooroprlse^  between  the  43d  and  49th  degrees  of  lati- 
tude, give  us  a  mean  of  1**  for  eveiy  148  metres.  (Vide  Aamala  dct  Sdemoa 
Naiurelki,  2d  seiiee,  t.  x.  p.  129. 1838).— M. 
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elevated  places  of  North  India.    In  the  United  States  we 
find  222^  metres.* 

I  do  not  think  that  these  difiPerences  arise  from  the  mean 
tonperature  that  I  haye  used,  not  referring  to  the  same 
year ;  the  configuration  of  the  countries  appears  to  he  the 
most  important  element.  If  the  land  is  sligntly  elevated,  or 
the  country  is  composed  of  successive  steps,  the  decrease 
of  temperature  is  much  more  slow  than  on  the  side  of 
abrupt  mountains.  In  the  former  case,  a  difference  of  235 
metres  may  be  taken  for  1°,  and  in  the  latter  a  difference  of 
only  195.  This  difference  proves  to  us  how  difficult  it  is  to 
reduce  to  the  sea  level  the  mean  of  places  situated  at  a 
certain  elevation  above.  When  the  height  is  considerable, 
great  errors  may  be  committed ;  but,  if  we  possess  many 
observations  in  a  country,  these  may  be  avoided,  by  deduc- 
ing the  decrease  from  the  longitude,  latitude,  and  heightf 

*  WUIe  at  the  equator  tbe  Uw  of  decrease  is  veiy  nearly  the  same  hi  all 
masons ;  the  po^  regions,  on  the  contrary,  offer  the  greatest  differences 
between  sominer  and  winter.  From  a  series  of  four  days  of  observations, 
made  every  half  hour,  the  members  of  the  Commission  of  the  North  found 
at  Spitobergen  (latitude  77^  8(K  N.)f  And  in  the  month  of  August,  1838,  a 
mean  decrease  of  I*'  for  every  172  metres.  This  result,  calculated  by 
H.  Bbavais,  coincides  with  the  decreases  observed  in  the  temperate  zones. 
The  dilTerenoe  in  the  height  of  the  stations  was  560  metres. 

In  winter  the  temperature  goes  on  increasing  with  the  height,  up  to  a 
certain  limit,  which  is  variable  according  to  the  different  atmospheric  dr- 
omustances,  the  induence  of  which  is  not  yet  very  exactly  known.  The 
hour  of  the  day  appears  to  be  indifferent,  since  there  exists  no  thermometric 
diurnal  variation  in  the  strata  of  the  surfiice.  The  mean  of  thirty-six 
experiments,  made  with  kites  or  with  captive  balloons,  at  Bosekop,  lati- 
tude 69"  58'  M.  has  given  a  mean  rate  of  increase  of  r,6  for  the  first  100 
metres.  Beyond  this  limit,  and  even  beyond  the  first  60  or  80  metres,  the 
temperature  again  beoomes  decreasing,  at  first  rerv  slowly,  but  afterwards 
the  decrease  is  accelerated.  The  observations  that  have  been  made  on  the 
flanks  or  on  the  summits  of  mountains,  during  the  same  expedition,  entirely 
oooflnn  these  results.  The  cooling  influence  of  a  soil,  that  radiates  its  own 
heat  for  several  weeks,  without  receiving  any  thing  on  the  part  of  the  sun, 
in  compensation  of  its  losses,  the  Influence  of  counter-currents  from  above, 
coming  from  the  west  and  the  south-west  with  a  high  temperature,  account 
finr  this  anomaly,  which,  in  winter,  represents  the  normal  state  of  the  most 
norttiem  parts  of  the  European  continent. 

M.  FouBKST  has  collected  a  great  nmnber  of  examples  of  the  inter- 
change of  temperataves,  observed  by  himself  and  others  in  France  and 
in  Switzerland,  during  severe  winters.  Thus,  during  the  winter  of  1838-9, 
M.  Bbavais,  sen.  observed  that  the  maxima  of  cold  were  distributed  in  the 
foUowing  manner,  in  ^e  neighbourhood  of  Annonay,  where  he  lived : — 

PLACa.  HZIOHT  ABOVZ  THB  SIA.  MAXIMUM  OV  COLD. 

Andanoette 195a  -SOP 

Annonay 900  —17 

8aini-Agrdv« 1950  -19 

Vide,  OB  the  intervenloo  of  atmospheric  temperature  hi  rigorous  wintexib 
Mmak$  de  CkmUe  et  de  Physique,  t.  IxxU.  p.  319. 1839.— M. 

t  Among  the  observations  made  to  determine  the  decrease,  those  ool- 
leeted  in  aerostatic  iwyages  present  a  very  particular  interest ;  the  tem- 
paratoxw  an  thtie  Ims  aOscted  by  local  circumstances,  such  as  the  heating 
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The  results  that  I  have  cited  are  deduced  from  long  se- 
ries of  obserrations.  Isolated  experiments  have  been  made 
by  travellers  and  aeronauts ;  but  they  are  worthy  of  little 
reliance,  although  they  agree  generally  with  the  preceding 
results.* 

of  the  M>il,  Moendlng  or  dMcending  cnrranta,  ftc ;  and  the  series  presented 
by  each  tempemtores  ere  more  susceptible  of  being  contrasted  with  the  series 
of  the  deereadng  tempermtnres  of  the  higher  regions  of  the  atmosphere. 
M.  Beavaxs  collected  his  results  into  the  following  table  :— 


DBCSrASES  OP  TXMPKftATUKB  OBSSKTSD  IN  AXBOSTATXC  YOTAOKB. 


OBsnvKia. 

Lmns 

of  the 

Stratom  of  Air. 

DBCmSASB 

opl*roB 

Gay-Lossac  .    .    .    .^ 

•  Saeharoff      

ClajtoD  (two  fOTages)) 

m.      m. 

0-3800 

3800-5700 

5700-6900 

0-3900 

0-3800 

0-S600 

0-9800 

3800-4800 

4800-5450 

m. 
188,5 
185,8 
161,S 
189,0 
185,0 
2S4,0 
135,0 
S91,0 
855.0 

These  obserratlons  are  still  not  safficlently  nimieroiis  to  enable  us  to 
dednoe  flrom  them  any  general  consequences,  on  account  of  the  eminently 
Tariable  nature  of  the  decreases.  It  seems,  howoTer,  thai  the  decrease,  at 
first  rerj  rapid  near  the  surfisce,  goes  on  diminishing  to  a  certain  height, 
perhi^w  about  3000  or  4000  metres,  and  thence  accelerates  more  and  more ;  so 
that,  if  we  take  the  Tertlcal  elerations  as  abscissa,  and  the  temperatures, 
increased  by  100**  (in  order  to  render  them  all  posttlTe),  as  ordlnates,  the 
curve  of  the  temperatures  will  first  turn  its  convexity  toward  the  axis  of  the 
abscisstt ;  it  will  then  undergo  an  inflexion,  and  will  finish  by  turning  its 
coDcaTlty  toward  the  same  Mds. 


Axis  of  the  abscissas. 


This  Is  the  most  probable  form  of  the  curve,  indicating  the  length  of 
the  barometric  column,  at  different  heights  in  the  atmoqihere.  The  recent 
researches  of  M.  Biot,  on  the  same  question,  prove  also  that  at  grsat  elev»> 
tions  in  the  atmosphere  this  curve  finishes  by  being  concave  toward  the  axis 
of  the  ahsrlisiw ;  and  even  if  the  law,  of  which  he  has  recognised  the  exist- 
ence, be  inolooged  to  the  limits  of  the  atmosphere,  the  dlatanoe  we  most 
ascend.  In  order  to  obtain  a  decrease  of  l^  would  coatinnally  Himiniah  to 
proportion  to  the  corre^wnding  density  of  the  air. — M. 

•  M.  Ma«i>i.«  compared  the  climate  of  the  Brooken  (1140  OMtrss)  with 
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The  decrease  of  temperature  with  the  height,  appears 
opposed  to  certain  obserrations  that  every  body  has  had  the 
opportunity  of  making.  Indeed,  when  we  climb  a  mountain 
on  a  calm  and  serene  summer's  day,  we  experience  over- 
powering heat.  If  we  suspend  two  thermometers,  one  in 
the  shade  and  the  other  in  the  sun,  their  difference  will  be 
greater  than  on  the  plain ;  the  actinometer  and  the  heliother- 
mometer  Q>.  149^  shew  this  difference  still  more  evidenUy. 
As  the  ra^s  of  the  sun  act  with  greater  energy  on  account 
of  the  thinner  stratum  of  air  that  they  have  to  traverse,  it 
would  seem  that  the  temperature  ought  to  be  higher.  Ex- 
perience shews  the  contrury,  and  reason  agrees  with  it. 

If  the  air  were  not  an  elastic  fluid,  if  uuroughout  its  en* 
tire  height  its  density  were  the  same  as  at  the  level  of  the 
sea,  the  limits  of  the  atmosphere  would  be  very  contracted ; 
and  beyond  would  be  found  an  absolute  vacuum  of  a  very 
low  temperature.  The  cold  would  be  communicated  to  the 
higher  stratum,  and  would  gradually  be  propagated  toward 
the  ground ;  but  the  diminution  of  temperature  with  height 
would  be  of  veiy  litUe  note;  for  liquios,  and  gases  especi* 
ally,  are  bad  conductors  of  heat. 

The  differences  between  luminous  and  dark  heat  (p.  148) 
in  their  passage  through  bodies,  are  still  more  important. 
When  the  solu*  rays  penetrate  into  the  atmosphere  toe^  lose 
at  each  moment  a  certain  quantity  of  heat,  which  they  give  up 
to  the  molecules  of  air  through  which  they  pass.  However, 
the  greater  portion  of  them  reach  the  ground,  and  heat  it. 
If  the  ground  did  not  radiate,  and  if  tne  density  of  the  air 
were  uniform  throughout  its  height,  the  temperature  of  the 
upper  strata  would  be  higher  than  that  of  the  lower  strata, 
beoinae  the  solar  ihrs  that  they  receive  are  less  weakened. 
But  the  radiation  of  heat  subverts  the  phenomenon ;  for  the 
calorific  rays  emitted  by  the  eurth  not  beinff  luminous,  are 
absorbed  by  the  lower  strata  of  the  atmosphere,  which  be- 
oomes  moie  highly  heated. 

The  density  of  the  air  is  not  uniform,  as  we  have  as- 
Bumed  it ;  it  diminishes  from  below  upward.  Not  only  do 
the  lower  strata,  for  equal  volumes,  absorb  more  than  the 


that  of  Berlin  (40  metres)  during  tbe  period  oompriaed  between  September, 
18t7»  endDeoember,  183S.  Tbe  generml  remit  u  that  tbe  maxima  dlumel 
iempentorH,  namely*  thoee  of  9  o'elock,  dUliu'  mneh  leet  in  winter  tban  in 
lommer.  The  corree  of  tbe  meani  of  6  ajc.  are  almoet  parallel.  In  ail 
leaeotie,  tbe  temperature  ie  bi^^er  on  tbe  Brooken  on  a  lerene  tban  on  a 
eioody  daj;  anainthe  montbof  January  tbe  lerene  dm  were  warmertban 
■t  Berlin.  Tbe  nmnber  of  cloudy  dayi  was  ISS  in  Benin  in  1838»  and  only 
96  on  tbe  Brockco.    (For  ftstber  details,  9(de  Sciiumachbb*s  Jakrbuck  FUr, 
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upper,  but  it  is  they  which  first  receive  the  radiations  emit- 
ted by  the  ground.  Each  constituent  molecule  of  the  atmo- 
sphere radiates  in  all  directions,  like  the  earth  itself.  The 
rays  directed  downward,  are  received  by  the  lower  strata, 
and  by  the  earth,  whilst  those  directed  upward  are  partly 
lost  in  celestial  space. 

All  these  circumstanoes  explain  to  us  the  influence  of 
the  seasons,  of  day,  and  of  atmospheric  variations,  on  the 
phenomena  that  we  are  analysing.  When  the  weather  is 
serene,  and  the  sun  high,  the  ground  is  much  more  heated 
than  during;  cloudy  weather,  or  when  the  sun  is  at  a  verv 
small  height  above  the  horizon ;  so  that  radiation  is  mucn 
more  active.  But  as  this  radiation  heats  the  lower  strata 
chiefly,  we  may  imagine  that  in  summer  the  temperature 
decreases  with  extreme  rapidity.  If  we  ascend  to  a  table- 
Lmd,  instead  of  climb  a  mountain,  the  great  surface  of  the 
former  heating  the  air  in  contact  with  it,  the  decrease  of 
temperature  is  not  so  rapid. 

We  also  commonly  rmrd  the  change  of  volume  in  the 
same  mass  of  air  as  one  of  the  most  inmiential  causes  of  the 
decrease  of  temperature.  For  if  a  piston  is  moved  with 
friction  in  a  glass  or  metal  e^inder,  and  is  snddenlv  thrust 
down,  amadou  placed  in  the  cylinder  is  immediately  kindled. 
An  apparatus  of  this  kind  is  called  a  pneumatic  tmder-box. 
Reciprocally,  if  the  air  is  rarefied  beneath  the  receiver  of  aa 
air-pump,  there  is  a  reduction  of  temperature.  It  follows 
from  these  facts,  that  the  calorific  capacity  of  the  air  in- 
creases in  proportion  as  it  is  rarefied ;  a  greater  quantity  of 
httt  is  therefore  necessary  in  order  to  ^vate  its  tempera- 
ture the  same  number  of  degrees ;  and  it  borrows  this  heat 
from  all  neighboaring  bodies,  and  from  the  thermometer^ 
which  falls  rapidly. 

When,  therefore,  the  luminous  and  calorific  rays  of  the 
son  traverse  the  rarefied  strata  of  the  atmosphere,  the  ther- 
mometer does  not  rise  so  much  as  it  does  in  the  neighboor- 
hood  of  the  ground,  even  when  a  cubic  metre  of  this  rare- 
fied air  has  not  absorbed  more  heat  than  a  cubic  metre  of 
denser  air ;  like  as  a  kilogramme  of  water  is  only  elevated  in 
temperature  4°  under  the  influence  of  a  source  of  heat  that 
would  raise  the  temperature  of  a  kilogramme  of  iron  36^ 
(p.  11). 

By  combining  all  these  elements,  we  can  perfectly  un- 
derstand the  decreaae  of  temperature  with  the  neight  The 
inflnence  of  ascending  and  dfmding  currents  does  not  ^h 
pear  to  me  so  great.  Indeed,  in  proportion  as  the  heated 
air  ascendsi  the  pressure  to  which  it  is  subjected  diminishei: 
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it  expands,  and  consequently  becomes  cool:  other  aerial 
masses  descend,  contract,  and  are  heated.  However,  these 
displacements  can  contribute  to  the  production  of  the  phe- 
nomenon only  in  an  adventitious  manner. 

VBOETATION  OF  MOUNTAINS.— The  fall  of  tem- 
perature, according  to  the  height,  has  the  greatest  influence 
over  the  life  of  oi^^ised  beings  in  mountains ;  and  although 
these  details  enter  into  physical  geography,  I  think  they 
cannot  be  read  without  interest. 

In  the  plains  of  Switzerland,  at  the  foot  of  the  Alps,  we 
admire  the  very  beautiful  vegetation,  the  orchards,  the 
corn-fields  and  the  meadows  destined  to  support,  during  the 
winter,  the  cattle  that  feed  on  the  mountains  during  the 
summer.  The  plants  of  the  high  Alps  are  found  mere, 
springing  from  seeds  brought  thither  by  the  torrents,  and 
which  are  entirely  wanting  in  France  and  Germany.  Ex- 
amples :  Pyrethrum  ahnmtmy  LepuUnm  alpimwiy  Linaria  al" 
pnuL  At  the  foot  of  the  mountains  are  beautiful  forests 
of  beech,  fir,  and  sometimes  pine. 

If  we  ascend  five  or  six  hundred  metres  we  find  the 
bear's  ear  {Prmula  auHcuia%  which  covers  the  rocks  with 
its  bright  yellow  flowers;  the  stalkless  gentian  (^Oenikaug 
acauH^j  the  large  petals  of  which,  of  an  ultra-marine  blue, 
incline  toward  the  earth ;  the  wolf's  bane  (Aconitum  napd" 
hu)y  the  ranunculus  with  monkVhood  leaves  (JRammcubu 
aeonUifolms),  the  TrolUus  ettropcntg,  &c.  &c.  At  the  height 
of  1000  metres,  the  soldanelle  (Soldanella  alpina),  grows  in 
the  hollows  watered  by  melting  snow,  whicn  it  frames  in  a 
violet  border.  The  Crocus  vemus  is  found  in  the  same  lo- 
calities, and  passes  away  as  quickly  as  the  soldanelle.  The  de- 
clivities are  covered  with  rhododendrons  {Rhododendron  fer" 
rugineum  and  R.  hirstUum)^  shrubs  covered  with  red  flowers 
producing  the  most  beautiful  effect,  and  often  ornamenting 
uurge  sunaces. 

At  the  height  of  2000  metres  the  greater  part  of  the 
vegetation  of  the  plain  has  disappeared,  and  cannot  be  pro- 
pagated. In  North  Switzerland,  the  vine  does  not  rise 
higher  than  about  550  metres;  dn  the  south  declivity  of 
the  Alps,  and  in  Yalois,  it  attains  650  metres ;  and  in  some 
fkvourable  loodities,  such  as  Val-Sesia,  at  the  foot  of  Monte 
Bosa,  it  is  found  even  at  the  height  of  1000  metres.*  It  la 
the  same  with  the  cereals ;  the  more  we  ascend,  the  later  is 
the  harvest.  In  July,  1832,  the  harvest  was  over  on  the 
plains  of  Switzeriand ;  but  it  was  yet  in  hand  in  the  Hani- 

•  Antet  (Val  TornandN),  1043;  wiitti  ri4e  of  St.  Bernard,  1040;  Val 
^AMte,  below  Coannajoar,  10S4.— H. 
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Valois,  in  the  neighbourhood  of  Munster  and  ObergesUen. 
In  elevated  Tillages  they  are  often  obliged  to  suspend  tiie 
sheaves  to  poles,  in  order  to  ripen  the  grain  artificially.  A 
particular  means  is  also  employed  to  laake  the  snow  disap- 
pear :  thev  cover  it  with  black  earth,  which,  as  it  absorbs 
the  heat,  nastens  its  melting.  De  Sansavre  has  seen  this 
means  employed  in  the  valley  of  Chamouni.  In  the  north 
of  Switzerland  the  cereals  may  rise  as  high  as  1 100  metres, 
but  they  do  not  calculate  on  a  sure  harvest  bevond  about 
900  metres.  Maize  ripens  even  at  870".*  The  localities 
have  in  this  case  a  great  influence ;  thus,  in  the  valley  of 
Lugnetz  (canton  of  the  Grisons),  cereals  are  found  near 
Vin,  at  1510  metres.  On  the  north  side  of  Monte  Rosa, 
barley  ceases  at  the  height  of  1 300  metres ;  on  the  ix)uth 

*  More  frequently  cultiTadon  Is  pushed  by  the  InhabUants  ss  hish  sa 
possible  on  the  slopes  of  tiie  mountains.  The  pesssnt  of  Fnnoe,  Swltser- 
Isnd,  Piedmont,  or  SaToy,  does  not  ftar  to  csiry  the  hoe,  whererer  he  has  a 
reasonable  hope  of  a  harrest.  CuhiTated  fields,  therefiDre,  cease  where  they 
can  no  longer  reoompenee  the  cultivator  for  his  labours ;  but  the  estimatioa 
of  the  value  of  products,  compared  with  the  labour  that  they  demand,  Tarles 
with  diiforent  people  and  dUtoent  individuals.  Thus,  in  the  limit  of  culti- 
Tated  fields,  is  a  function  of  political  and  moral  elements ;  and  not  the  aim* 
pie  result  of  the  change  of  climate,  like  the  limits  of  a  wild  plant  that  is  in- 
dependent of  man.  The  following  is  a  proof: — ^It  is  an  almost  general  law 
that  all  TCgetables  rise  hii^er  oa  the  south  than  on  the  north  declivity  of 
mountains;  and  yet  if,  under  this  point  of  Tiew,  we  compare  the  limits  of 
cultivated  fields  in  the  Pennine  Alps,  which  I  obtained  by  exact  barometric 
measurements,  it  is  rarely  so.  On  examining  the  relative  hei|^ts  ci  perms* 
nent  habltatioQs  on  the  two  sides,  we  obtain  a  result  which  confixms  ue  pre- 
ceding. 

COJIPimATiyB  TABLl  OF  TBB  RB6BT  OF  TBS  HOST  lUTATID  VXLLAOIS,  AKB 
THS  ALTirUDIlfAL  LIMXT  OF  CULTIVATSD  PIXLDS  OX  TBB  TWO  SUBS  OF  TBB 

ravimiB  Aus. 


BSPnjEs  om 

PASSAOIS. 

won  BLBVATBO  VILLAOBI* 

BBD  OF 
CDLTIVATBD 
riBLDS. 

North  Side. 

South  Bide. 

North 
Side. 

South 
Side. 

Col  dn  Bonhonune 
Saint-Bernard    . 
Col  de  la  FenHre 
Mont-Cervin 
Col  Macngnsga 
Simplon     .    .    . 

Bleans;    •     .    . 

m 
Nant-Bottrant.1493 
Saint-Pierre    .  1637 
Lourtier      .    .1066 
Zermatt      .    .1614 
Saas    .    .    .    .1601 
Baereniaal  .    .1564 

1489 

m 
Chapiu  ...  1078 
Saint-Remy    .  1618 
Lomond      .    ,  1049 
ValTomanche  154S 
Macngnaga     .  1800 
Simplon     •    .  1S04 

1349 

m 

1667 
1145 
1964 
1750 
1047 

1568 

m 

»» 
16S0 
1675 
1673 
180O 
IW> 

1454 

The  influence  of  exposure  is  explained  on  the  contrary  in  the  most  evi- 
dent manner,  by  the  dIfllBrenoes  of  level  that  are  obeerved  between  the  limit 
of  a  wUd  plant  on  the  south  and  on  the  north  side  of  an  Isolated  menntain. 
Meant  Ventoux,  in  Provtiioe,  which  I  hftrt  Modled  with  this  oltfeet  in  Titw, 
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«ide,  it  aaoendB  in  oertain  points,  to  1950.  It  is  the  same  with 
fruit-trees.  In  North  Switzerhind,  none  exist  above  880 
metres ;  only  in  certain  favourable  localities,  near  Disentis, 
for  example,  are  they  found  at  1070.  Cherry-trees  ascend 
higher;  the  latter,  which  are  found  as  standards  on  the 

S pi,  are  at  Ufiter'DaechU  (953n).  It  is  with  much  diffi* 
ty  that  the  Capuchins  of  the  convent  of  Marie-d,-la-Keige 
(Maria  zum  Schnee)  can  occasionally  npen  them  in  espaliers 
at  1310"  above  the  level  of  the  sea.  Walnut-trees  (Juglans 
regid)^  which  in  the  plains  are  magnificent  trees,  disappou: 
at  about  800"  f  the  chestnut  (jCctsUmea  veaca)  does  not  exist 
beyond  780".t  877  metres  may  therefore  be  regarded  as 
the  mean  limit  of  cultivation. 

It  is  useless  to  insist  on  the  local  circumstances  by  which 
this  limit  may  be  modified ;  and  on  its  fall,  in  proportion  as 
we  approach  the  north.  In  Lapland  it  is  100  metres  above 
the  level  of  the  sea.  In  South  America,  maize  rises  to  2270 
metres,  but  it  is  only  abundant  between  1000  and  2000 ; 
from  2000  to  8000,  the  cereals  of  Europe  are  found ;  wheat, 
an  the  lower  zones,  rye  and  barley  in  the  higher  r^ons ; 
from  3000  to  4000,  nothing  but  the  potatoe  is  cultivated. 

In  Switzerland,  man  has  carried  the  hoe  as  high  as  pos- 
mble,  and  he  has  profited  b^  every  portion  of  cmtivatable 
earth.  However,  at  a  certam  elevation,  the  woods  become 
INredominant,  and  finish  by  occupyins  all  the  surfiice  of  the 
mil ;  but  even  the  physiognomy  of  the  trees  changes  with 
the  height.    The  pointed  fir  {Abies  exceUd)  is  transformed 

isaremtricabto  example.  The  following  are  the  higheet  Umits  of  MTeral 
^laata  on  the  two  lidef  :— 

lOOTB  or  HIFWEMMMT  TMMMB  OH  TBI  TWO  WWU  OF  MOUST  TIIITOUX. 


TKBIi. 

South  Side. 

North  Side. 

Aleppo  Pine  (Phnu  akpemii) 
Holm  Oak  (Qmerau  ilejt)    .    . 
WBhrnt  (Ji^lant  regta)  .    .    . 
B^eoh  (PagUM  tikmtica)  .    .    . 
Piteh  Tree  (Abies  ejtcelsa) 
Pine  Mugho  (PAmw  umcinatd) 

m 
480 
M8 

1860 

1810 

1911 

m 

618 

800 

1380 

1720 

(Viie  Botanic  Topography  of  Mount  Ventoox,  Atmalet  dn  SeUnett  Naium 
rrOn,  X,  z.  pp.  189,  2S8.  1838.)— M. 

•  In  the  Pennine  Alpa  the  walnut-tree  rieea  to  the  mean  height  of  1006 
jnetree;  that  ie,  1060  hi  the  eouth,  and  900  in  the  north. 

t  On  the  Boath  ilde  of  the  Pennine  Alps  its  mean  limit  is  875  metres. 
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into  a  pyramid;  its  lower  branches,  of  which  the  base  ia 
formed,  rest  on  the  ground :  the  structure  of  the  wood  also 
Taries ;  the  annual  layers  are  thinner,  and  the  wood  harder. 
On  a  branch  of  pine  twenty-seven  millimetres  in  diameter, 
I  counted  sixty  annual  layers.*  The  trees  finally  disappear 
altogether,  in  the  north  of  Switzerland,  the  beech  does 
not  rise  above  1300  metres ;  the  fir  stops  at  1800.  On  the 
south  side  of  Monte  Rosa,  trees  ascend  as  high  as  2270 ; 
these  are  the  larch  (Xortx  europaa),  the  cembro  (Pimu 
eentbra),  the  alder  (Alnus  viridis),  and  the  birch  {Betula 
alba).  In  the  north,  green  trees  do  not  pass  beyond  2000 
metres.  The  latter  also  yary  much  ;  on  the  north  side  of 
the  Alps  the  firs  attain  the  highest  elevation  ;f  on  the  south 
Bide  it  is  the  larch ;  on  Ararat,  the  birch  ceases  at  2^30 
metres ;  in  the  Caucasus,  at  2360.  On  the  south  side  of  the 
Pyrenees,  the  firs  (^Abies  pecUnata)  cease  at  2570 ;  in  the 
north,  the  pines  (P^s  sylvestris)  cease  at  2420.    In  lAp- 

*  In  oar  researches  on  the  Increase  of  wood-flr  in  the  north  of  Europe, 
Inserted  in  Vol.  15  of  the  Mimoires  de  rAcadimie  de  BruxeUes^  M.  B&avad 
and  mjielf  haye  shewn  that  the  mean  thickness  of  the  annual  hgneoos 
layers  of  the  wood  pine  increases  as  we  go  from  north  to  south.  The  foUow- 
iag  table  dearly  shews  the  powerful  influence  of  climate  : — 

THtCKinH  OF  TBB  AVNUAl  LATSB8  OV  TBI  WOOD-PINZ  AT  DOnPEIBMT 

LATITnDBS. 


VLAOM. 

H.  LATITUDE. 

E.  Lowoi-nms. 

MBAN  TBICCMEBB. 

Kaallord  . 
Pello    .    . 
Geflle  .    . 
HaUe  .    . 

69«5r 
66  48 
60  40 
51  30 

20*40' 

21  40 

14  50 

9  40 

Dim. 
0.65 
0,B8 

l.ll 
2,24 

M. 

t  On  the  Orimsel,  in  Swltserland,  is  an  exception  to  this  role ;  and  the 
BDCceBBioD  of  large  v^etation  on  its  north  side,  recals  to  mind  the  succession 
of  the  same  Tegetation  along  the  coasts  of  Bcandinayia.  The  following  la 
the  table :~ 

LIKITB  OF  TanB  ON  THE  NORTH  SIDE  OF  THE  ORIMSEL. 


TREE8. 

ALTITUDINAL  LIMITS. 

VMsed  <Mk  {Querctu  robur) 

Beech  {Pagta  siloatiea) 

Cherry  (CfTMtu  vulgarii) 1 

HMMeX  {Corifltu  avellana)       J 

Pir  (Abies  excelsa) 

Benrioe  (Sorfttu  avci^iarAi) 

Mugho  pine  {Pinu*  n'ivestris,  V.  montana) 

YfhiUi  birch  (Brtuia  alba) 

Cembro  pine  (Pfn««cryii5ro) 

m. 

808 

985 

106O 

1545 
1620 
1810 
1975 
2100 

(For  ftother  details^  ride  Atmaiet  dts  Sdencet  NaturcUcs,  Oct.  1842.)~M. 
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famd,  the  dwarf  birch  (Bebda  tumd)  is  the  last  tree ;  it  ceases 
to  grow  at  585  metres. 

Above  the  region  of  forests,  we  find  in  the  Alps  the 
region  of  stunted  pines  {Kmmmholz^  Poms  mugho),  of  rhodo- 
dendrons, of  herbaceous  willows  (SaUx  herhacecL,  S,  reticulata^ 
S.  urptOifoUa^  &c.)  of  alders  (Ahms  viridis),  and  junipers 
(Jumperus  camnnam).  In  the  Carpathians  it  is  the  mugho 
pine,  and  on  Ararat  a  juniper  (Jvny^enu  oxyeedrus)  and  the 
Catimeaster  umfioroj  that  are  the  last  to  disappear. 

This  region  of  forests  and  that  which  immediately  fol- 
lows, constitute  the  productive  part  of  the  high  Alps.  Du- 
jing  sununer  it  nourishes  numerous  flocks,  which  ascend 
as  the  snow  disappears.  It  is  the  same  in  the  Scandinavian 
Alps,  where  the  nomade  Laplander  wanders  with  his  im- 
mense herds  of  reindeer. 

The  mugho  pine  disappears  in  the  Alps  at  the  height  of 
2270  metres;  pasturage  extends  to  2600  metres,  and  even 
higher;  dwarf  willovrs  and  herbaceous  plants  cover  the 
«oO.  We  observe  there  the  androsace  (Androsaee  ahina^ 
A,  heheOea,  A.  permma,  &c.),  the  Sdene  aeaulU,  sazinnge, 
(^Saxifraga  mmsccfSdeSj  S.  hrycSdeM^  S.  edzaidet^  S,  stellarts^ 
&c),  gentians,  (OejUiana  vemoy  0»  haxHnrieat  O.  gladaUi^ 
O.  nivaUa) ;  besides  these  social  plants,  the  Cercuthan  kiH" 
foHwBUy  lady's  mantle  {AlchemSla  tdpuuL,  A,  pentaphyUa%  and 
the  ranunculus  (itamaca&tt^Zada^tr,  R^pyreneeus)  live  more 
isolated. 

The  higher  we  ascend,  the  more  does  the  number  of  the 
phanerogams  duninish  in  proportion  to  the  cryptogams. 
On  Mont-Blanc,  the  last  cryptogam  found  by  de  Sanunnre 
was  the  SUene  acaulisy  at  3469  metres;*  M.  de  w«lden 
gathered  on  Monte  Rosa  stunted  I^etknan  aljntium  and 
Phyteuma  pamciflorttm^  in  the  middle  of  the  glacier  of  Lys, 
at  the  place  called  Le  Nex,  at  3683  [metres.  Higher  up, 
nothing  is  found  but  lichens,f  which  cover  the  btu'e  rock. 
I  shall  not  give  the  complete  enumeration  of  the  particular 
plants  of  these  vegetable  re^oma ;  I  content  myself  with 
naming  the  most  characteristic,  and  the  most  apparent.  I 
Btay  simply  add  a  few  remarks  on  their  habUats, 

Few  plants  ascend  from  the  plain  to  the  summit  of  the 

•  M.  Bbatab  mw  the  wine  pl»nt  9X  900  metres  above  the  eea,  in  the 
neighbourhood  of  Bosekop,  let.  69"  58',  wliere  it  Ib  elflo  firand  vegetating  on 
the  seA-ahore,  shaded  by  the  last  wood  pines  of  Enrope. 

t  At  the  sttDunit  of  the  Jongfraa,  at  4176  metres,  M.  Aoiuiz,  in  IMl, 
frond  on  the  gneiss  rode,  by  which  it  is  terminated,  five  species  of  lichens ; 

namely,  Leeidea  congtomerata,  Ach.  ;  L.  coi^vnu,  Parmelia  elegtms,  « 
fetetote,  ScHAasB ;  UmbOtcaria  atropruinoui,  y  reUculata,  Sgh joun ;  and 
U.  9&giiU$,  ScBABxa. — M. 
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highest  mountains.  Those  which  are  in  this  condition  are 
singularly  modified  as  they  ascend.  Some  plants  resist 
these  influences:  thus  Raymond  has  observed  that  the 
spring  ^ntian  (OenUana  vema%  has  the  same  habitat  at  idl 
heights  in  the  Pyrenees.  But  these  are  only  exceptions ;  a 
plant  is  generally  stunted  in  proportion  as  it  ascenos.  Thus 
the  pale  primrose  (Prmula  farinosa)  sometimes  attains  a 
lensth  of  ten  or  fifteen  centimetres  in  the  plains  of  Switaeer- 
land,  and  its  leaves  are  straight.  On  the  Kigi,  the  plant  is 
not  higher  than  eight  or  ten  centimetres;  the  leaves  are 

5 tread  out,  and  the  flowers  have  a  de«>er  colour.  On  the 
aulhom  (2683  metres^,  the  entire  plant  scarcely  attains 
two  centimetres  in  heignt ;  the  rosette  is  extended  on  the 
ground,  and  the  umbel  appears  sessile. 

Anatomical  changes  correspond  to  these  exterior  modifi- 
cations. The  leaves  that  are  spread  out  on  the  eround 
become  smaller,  and  leas  fleshy ;  they  are  covered  with  hair, 
and  their  roots  are  very  strong.  The  flower  alone  preserves 
the  same  dimensions,  but  it  appears  larger,  because  the 
plant  is  smaller,  and  the  colour  of  the  corella  deeper.  All 
travellers  are  struck  with  the  intense  blue  assumed  by  the 
flowers  of  the  stunted  Myowtu  tUvestris^  which  is  frequently 
described  under  the  name  of  MyototU  nana. 

Another  difference  resides  in  the  duration  of  the  plants; 
as  we  ascend  the  number  of  annuals  and  biennials  dinunishes, 
whilst  that  of  perennials  goes  on  increasing  proportionately. 
In  the  high  rmons,  annual  plants  are  almost  entirely  want* 
in^ ;  and  in  the  mean  regions  they  are  only  found  in  the 
neighbourhood  of  cottages,  whither  they  have  been  brought 
by  man.  Indeed,  the  seeds  of  these  plants  do  not  every 
year  arrive  at  maturity  in  so  n^rous  a  climate ;  and  the 
species  entirely  disappears.  It  is  not  so  with  perennial 
vegetables,  which  can  remain  without  ripening  their  firmts, 
or  even  bearing  flowers ;  their  stem  either  resists  the  colds 
of  winter,  or  else,  if  it  perishes,  new  suckers  arise  from  the 
root.  Add  to  this,  that  the  bent  branches  of  alpine  vegeta- 
tion, and  willows  in  particular,  send  forth  roots,  and  may 
then  be  separated  from  the  parent  plant.  Hence  arise  those 
thick  and  tufted  surfiioes,  where  the  closely  interlaced  stalks 
scarcely  permit  us  to  isolate  any  perfect  specimens.  The 
SUene  acaults  is  a  striking  example  of  this,  and  it  is  unfortu- 
nate; for,  according  to  Raymond's  observation,  no  idea 
can  be  obtained  of  Uie  beauty  of  this  plant,  unless  we  have 
seen  it  on  the  snowy  summits,  which  ft  embellishes  with  its 
thick  tufts  covered  with  flowers  (vide  Note  C). 

LIMIT  OF  BTSRNAii  8NOW8.— Even  in  the  midst 
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of  snxmner,  when  abundant  rains  fall  on  the  plains,  the 
mountains  continue  whitened  by  snow  or  sleet  Thus,  I 
have  often  seen  on  the  Rigi  showers  of  sleet :  but  at  300  or 
400  metres  lower  there  was  none ;  and,  in  the  plain,  there 
was  rain.  I  have  also  experienced  heavy  showers  of  rain  in 
the  plain,  but,  as  soon  as  the  clouds  were  gone,  the  moun«> 
tains  were  seen  to  be  covered  with  newly  rallen  snow.  M. 
^te  Charpentler^  who  lived  at  Bex,  in  the  centre  of  the 
high  Alps,  assures  us  that  this  phenomenon  is  constant 
msr  all  rain-storms. 

These  masses  of  snow  that  &11  in  summer,  melt  very 
quickly  under  the  influence  of  the  sun  and  rain ;  but  on 
▼ery  elevated  summits  they  never  disappear,  for  there  is 
situated  the  region  of  eternal  snow.  The  lunit,  above  whidi 
the  snow  never  melts,  is  pretty  well  determined  on  each 
mountain,  and  is  called  the  limit  of  eternal  snow.  But  before 
pointing  out  its  height  in  the  different  chains  of  mountains 
that  cover  the  fflobe,  I  must  point  out  the  distinction  be* 
tween  snows  and  glaciers. 

If,  fipom  an  elevated  point,  such  as  the  Rigi  or  Weissen- 
fitein,  we  contemplate  tne  Alps,  it  is  easy  to  distinguish 
bdow  the  r^on  of  cultivation,  higher  up  that  of  forests, 
stiU  higher  that  of  meadows,  and  finally  the  region  of  eternal 
snows.  Its  lower  limit  is  a  straight  line,  sensibly  horizontal; 
and  it  is  only  in  certain  spots  uiat  white  trains  are  seen  to 
descend  to  the  plains ;  these  lines,  which  occupy  the  bottom 
of  valleys,  are  the  glaciers. 

In  looking  at  a  glacier  more  closely,  we  find  that  it  is 
composed  of  ice  and  not  of  snow,  and  that  it  is  firequently 
surrounded  with  cultivated  fields.  The  ice  is  not  composed 
of  continuous  transparent  masses  like  that  of  ponds  and 
rivers,  but  of  separated  fra^ents.  A  block  breaks  into 
a  multitude  of  transparent  {>iece8,  separated  from  each  other 
by  capillary  intervals.  This  ice,  being  thus  composed  of 
ihigments,  is  not  slippery,  so  that  we  can  walk  fimuy  on  it. 
liower  down,  these  migments  have  very  nearly  the  size  of  a 
nut;  but  in  proportion  as  they  are  higner  up,  they  become 
Ins,  and  at  the  height  of  2700  metres  they  are  not  larger 
than  a  pea.  The  simace  of  the  glacier  is  composed  of  sepa- 
rate roundish  srains,  in  which  we  tread  as  m  sand ;  the^ 
are  called  nM  (firn).  In  the  higher  regions  snow  is 
^£nind. 

The  n6v^  is  a  transformation  of  snow,  which  I  was  able 
clearly  to  follow  out  in  1833.  At  the  end  of  August  and  the 
beginning  of  September,  enormous  masses  of  snow  fell  on  the 
FaulhoHL    In  certain  places,  near  the  inn,  it  was  two  metres 

l2 
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deep :  the  snow  was  composed  of  regular  cr3rBtals  or  ra- 
diating needles.  A  series  of  fine  days  succeeded  bad  wea- 
ther. Although  the  thermometer  in  the  shade  was  not  many 
degrees  above  the  freezing  point,  the  sun  melted  the  suriaoe 
of  the  snow,  which,  at  the  end  of  the  first  day,  was  penetrated 
with  water  to  the  depth  of  two  centimetres.  The  next  momii^ 
it  was  covered  with  a  brilliant  and  irregular  bed  of  ice. 
Scarcely  had  the  rays  of  the  sun  fallen  on  it  for  a  few 
moments,  when  this  bed,  instead  of  beins  continuous,  was 
found  composed  of  little  grains  of  ice  of  the  size  of  millet* 
seeds.  This  phenomenon  is  renewed  for  several  days,  and 
the  bed  of  ice  becomes  so  strong  that  it  is  able  to  support 
the  foot  of  man ;  the  bed  of  p-ams  of  n^e  is  already  noirly 
a  decimetre  in  thickness.  At  the  surface,  thev  attain  the 
Bise  of  small  peas ;  and  below,  they  were  smaller.  It  was 
impossible  for  me  to  follow  these  transformations  for  any 
length  of  time,  because  new  masses  of  snow  were  added  to 
the  first,  and  again  produced  the  phenomena  that  I  bad 
previously  observed. 

This  transformation  of  snow  into  n6ve  is  analogous  to 
eertain  artificial  crystallisations.  Take  a  salt  that  is  muc& 
more  soluble  in  hot  than  in  cold  water,  nitrate  of  potash, 
for  example;  pMOur  on  it  some  water,  and  heat  it,  at  the 
flame  time  stirring  it,  until  its  temperature  is  some  degrees 

Sher  than  that  of  the  room  in  which  you  are  operating. 
;er  having  maintained  it  for  some  hours  at  this  tempera- 
ture, pour  it  into  an  open  plate ;  as  it  cools,  a  great  number 
of  unequal  crystals  are  formed,  which  extend  from  the  cir- 
cumference to  the  centre,  in  the  form  of  needles.  When 
the  temperature  of  the  liquid  is  tn  equtUhrio  with  that  of 
the  room,  raise  it  a  few  agrees;  the  water  being  able  to 
dissolve  more  nit,  you  will  see  the  little  crystals  £sappear, 
and  the  larger  ones  become  smaller.  When  the  water  is 
again  cold,  the  little  crystals  appear  again,  but  they  attach 
themselves  to  the  larger.  If  the  experiment  is  several  times 
repeated,  the  number  of  crystals  continues  diminishing,  bnt 
their  dimensions  increase. 

It  is  the  same  with  the  formation  of  the  n6ve  and  the  ioe 
of  the  glaciers.  Let  us  imaeine  two  mountains,  8000  metres 
high,  separated  by  a  deep  vafley.  During  winter,  considerable 
masses  of  snow  are  accumulated  there  by  the  winds,  or  pre- 
cipitated in  the  form  of  avalanches.  In  the  spring,  the  8im*s 
heat  becomes  sufficiently  stronff  to  be  able  to  melt  the  snow; 
the  water  produced  from  this  nision  penetrates  between  the 
erystals,  and  partly  fills  them  with  bubbles  of  air.  If  it 
fkt€ies  on  the  following  night,  which  happens  every  night 
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in  these  high  regions,  the  water  combines  with  the  flakes  of 
SHOW,  and  the  latter  are  transformed  into  transparent  grains 
of  ice.  The  bubbles  of  air  prevent  the  glaciers  from  being 
transformed  into  a  compact  mass.  The  following  day  the 
0an  again  acts;  the  crost  is  softened;  the  grains,  especially 
the  smaller,  melt  in  the  water :  they  then  unite  themselves 
on  the  following  night  to  the  larger,  which  thus  increase 
BQCcessivelv.  If  the  accumulated  mass  of  snow  has  great 
power,  and  the  summer  has  been  vnthout  heat,  it  does  not 
entirely  melt,  but  is  transformed  into  neve.  If  the  fusion 
and  successive  coagulations  of  a  mass  of  snow  are  renewed 
£ir  several  years,  a  newglacier  is  formed,  as  is  frequently 
observed  in  the  Alps.  The  size  of  the  fragments  increases ; 
and  although  they  are  separated  by  air  and  water,  still  in  a 
liquid  state,  yet  their  umon  is  sufficiently  intimate  to  form 
a  compact  mass. 

A  glacier  is  not  a  motionless  mass ;  it  is  unceasingly  de- 
scending towards  the  plain.  This  progression  is  due  to 
different  causes;  the  water  that  results  from  the  melting 
of  the  surrounding  snows  filters  into  the  mass,  melts  it 
partially,  and  separates  it  from  the  ground.  Superficial  and 
deep  chsnnels  are  formed,  in  which  the  water  flows  abimd- 
antty.  If  the  plain  on  which  the  glader  rests  is  very  in- 
elined,  its  weight  tends  to  make  it  descend.  Crevices  and 
eracks  are  formed.  When  the  temperature  of  the  air  falls 
below  zero,  the  water  contained  in  the  capillary  intervals 
congeals,  expands,  and  the  mass  limited  above  and  on  its 
sides  by  mountains,  donates  in  the  only  direction  where 
it  finds  no  obstacle,  that  is  to  say,  parallel  to  its  great  axis, 
and  from  above  downwards.  Eveiy  thing  then  conspires  to 
make  the  glacier  descend  into  the  plains,  where  its  presence, 
in  the  midst  of  forests  and  cultivated  fields,  is  a  subject 
of  astonishment  to  all  travellers.  These  glaciers  descend 
lower  as  the  mountains  whence  they  arise  are  higher,*  be- 
cause the  masses  of  snow  that  accumulate  on  their  summit 
are  greater,  and  repair  the  losses  that  the  lower  extremity 
of  the  glacier  undergoes  bv  melting.  So  that  the  ice  of  the 
lower  extremity  of  the  glaciers,  which,  during  many  years, 
has  mideigone  successive  thaws  and  congelations,  is  com- 
posed of  very  bulky  fragments,  as  compared  with  the  granules 
of  neve  (vide  Note  D). 


*  The  nMMi  height  of  the  lower  extremity  of  the  four  toweflt  gUoiert  of 
ifaB  Swin  Alps  Is  liao  metres  above  the  lefel  of  the  sea.  These  are  those  of 
Bessoas  and  de  la  Breaia,  whleh  desoend  from  the  sides  of  Mont-Blaao «  of 
OriDdelnald  and  AleUeh,  whioh  come  from  FinslCfMihara  and  the  Jam- 


228 


mCPBBATUME. 


The  glaciers  being  only  local  phenomena,  dependent  on 
the  heiffht  of  the  mountainfl,  and  on  the  configuration  of  the 
land,  should  be  completely  neglected  when  we  are  deter- 
mining the  limit  of  eternal  snows.  The  height  at  whidi 
fields  of  snow  are  found  on  plain  surfaces,  or  on  surfaces 
rather  inclined,  throughout  the  year,  is  that  of  eternal  snows. 
This  limit  varies  according  to  the  quantity  of  snow  that  falls 
during  the  winter,  the  heat  of  the  summers,  the  locality, 
and  a  liost  of  circumstances  that  escape  us;  thus  the  mean 
must  be  gathered  from  a  great  many  observations.  M.  Host 
affirmed,  although  incorrectly,  that  the  line  which  separates 
the  glaciers  from  the  nev^s  was  more  constant  than  that  of 
the  perpetual  snows.  The  following  table,  borrowed  from 
the  clever  work  of  M.  de  Humboldt,  on  Central  Asia,  en- 
titled Researches  on  the  Mountain  ChainSy  and  on  Comparciiive 
CUmatalogyy  vol.  iii-p-  359,  g^ves  the  height  and  the  limit  of 
eternal  snows  at  difierent  latitudes : — 


HEIGHT  OF  THB  LIMIT  OF  PERPETUAL  SHOWS  IN  THE  TWO 
HEMISPHERES,  BBTBRMINBD  BT  DIRECT  BfEASURBMENTS. 
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The  line  of  eternal  snow  is  seen,  generally,  to  fall  from 
tbe  equator  toward  the  pole.  However,  there  are  numerous 
exceptions  to  this  rule :  we  must  analyse  them  attentively. 

The  limit  of  eternal  snows  being  determined  by  the 
height  at  which  the  snow  that  falls  during  the  winter  does 
not  melt,  the  manner  in  which  snow  behaves  with  respect  to 
heat  is  here  one  of  the  most  important  elements.  When  a 
BoUd  bod^  passes  into  the  liquid  state,  the  heat  becomes 
latent,  as  in  the  case  when  a  hquid  evaporates.  Let  a  tub 
of  snow  be  placed  in  a  warm  room,  and  a  thermometer  be 
plunged  in ;  the  latter  will  very  rapidly  fall  to  the  freezing 
pomt.  For  a  long  time  it  will  remain  stationary ;  although 
the  snow  melts  rapidly,  it  is  not  until  the  whole  is  melted 
that  it  again  rises,  continuing  to  rise  until  the  temperature 
of  the  water  is  in  eqialtbrio  with  that  of  the  room ;  yet,  the 
•walls  and  every  object  in  this  room  radiate  heat  towards 
the  vessel;  but  this  heat  disappears  and  becomes  latent 
during  the  act  of  fusion. 

To  prove  this  truth,  take  a  kilogramme  of  water  at  zero, 
and  a  kilogramme  of  water  at  75^ ;  the  mixture  will  be  of 
Uie  temperature  of  d7°,5.  Take,  on  the  contrary,  a  kilo- 
gramme of  ice  or  snow,  and  throw  it  into  a  kilogramme  of 
water  at  75°;  the  ice  or  snow  will  melt,  but  the  temperature 
of  the  mixture  will  remain  at  zero.  Thus  the  75°  of  heat 
from  the  water  have  disappeared  during  the  melting  of  the 
enow  or  of  the  ice,  by  which  they  have  been  absorbed.* 

In  considering  the  anomalies  presented  by  the  height  of 
the  limit  of  eternal  snows,  we  ou^ht  never  to  forget  this 
latent  heat.  Imagine  a  room  that  is  not  warmed  during  the 
fvinter,  so  that  its  temperature  falls  several  d^rees  below 
zero;  place  in  it  sevenii  tubs  filled  with  snow,  and  then 
warm  this  room ;  the  temperature  of  the  walls  and  of  the 
air  will  rise  several  degrees  above  zero,  but  the  temperature 
of  the  snow  vrill  remain  at  zero.  The  temperature  of  the 
room  and  the  quantity  of  snow  are  here  the  influential  ele- 
ments ;  and  it  often  happens  that  a  small  quantity  of  snow 
will  melt  faster  in  a  room  moderately  heated  than  a  con- 
fliderable  mass  in  the  same  room  immoderately  heated. 

The  height  of  the  snow-line  being  a  ninction  of  the 
j[iiantity  that  &lls  in  winter  and  of  the  heat  of  the  summers, 
It  is  clear  that,  in  equal  latitudes,  it  must  be  higher  in  the 
interior  of  continents,  where  less  snow  falls,  and  where  the 
summers  are  warmer,  than  on  the  coasts.    Thus  it  is  650 

*  Aooorffing  to  fhe  Tery  rooent  ezperiments  oFHM.  DC  la  PBoyoiTAn 
and  Paul  DnAim,  tbto  number  ihoaid  be  modified,  and  the  Imtent  beat  of 
Im  would  be  76M.— (Vide  Compta  rcniw  de  Vlnttim,  April  ISO,  p.  837.) 
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metres  higher  in  the  Caucasus  than  in  the  Pyrenees.  In 
the  mountains  of  Lapland,  Wahlenberir  found  the  limit  of 
eternal  snows  at  1005  metres  on  the  Norway  coast,  and  at 
1255  on  the  Swedish  side;  BchoTiw  and  Smith  made  the 
same  remark  in  the  district  of  Bergen. 

This  difference  is  very  marked  on  the  two  sides  of  the 
Himalaya.  On  the  south  side,  M.  de  Humboldt  formerly 
fixed  the  line  of  eternal  snows  at  3700  metres ;  since  his  ac- 
count, the  English  traveller,  Webb,  found,  near  Eedamathf 
at  3655  metres,  and  Hllem,  at  3610  metres,  trees  and 
rhododendrons ;  and  a  luxuriant  vegetation  at  3870.  The 
line  of  eternal  snows,  therefore,  rises  ahove  3900  metres. 
On  the  north  side  of  the  Himalaya  it  is  still  higher,  and 
even  exceeds  that  of  eternal  snows  on  the  equator.  The 
very  few  facts  that  we  possess  enahle  us  to  nx  it  approx- 
imately at  5070  metres,  thus,  at  1170  metres  higher  than  on 
the  other  side. 

This  great  difference  is  due  to  the  chances  of  the  mon- 
80008 ;  in  the  north  of  the  Himalaya  extends  a  vast  plain, 
eovered  with  sand  and  rounded  flints — a  very  desert  The 
contrast  hetween  the  temperature  of  the  air  ahove  this 
plain  and  ahove  the  one  situated  to  the  south,  gives  rise  to 
monsoons.  So,  on  the  north  of  the  Himalaya,  there  will  be 
hot  land-wind;  on  the  south,  fresh  sea-breezes.  The  iUl 
of  the  snow-line  on  the  south  is  further  favoured  by  tibe 
direction  of  these  winds.  During  summer,  they  blow  firam 
the  S.W.  and  bring  vapours  that  condense  on  the  chain  of 
mountains  and  form  a  band  of  cloud  and  fog,  which  prevent 
the  action  of  the  sun  on  the  snow,  while  at  the  north  the 
8ky  must  be  almost  always  serene.  Add  to  tliis,  that  leas 
anow  falls  during  the  winter  on  the  north,  or  continental 
mde,  and  that,  consequently,  this  must  disappear  up  to  & 
greater  height. 


V. 


WEIGHT  OF  THE  ATMOSPHERE. 


WSIOHT  OF  THB  AIR.— ArUtotle  was  the  filflt  tO 
soBpect  that  the  air  was  heavy ;  to  assure  himself  of  this,  he 
took  a  leathern  bottle,  wei^hea  it  ^rat,  when  empty,  and  then 
again,  after  having  filled  it  with  air ;  for,  said  ne,  if  the  air 
is  heavy,  the  bottle  must  be  heavier  in  the  latter  than  in  the 
former  case.  These  anticipations  not  having  been  confirmed 
by  experiment,  he  concluded  that  the  air  was  not  heavy. 
However,  several  {>hilosopher8  of  antiquity  admitted  the 
materiality  of  the  air  as  a  fact.  Thus  the  school  of  Bpi« 
eomm  compared  the  effects  of  winds  to  those  of  air  in  mo- 
tion, and  regarded  the  elements  of  the  air  as  invisible  bodies^ 
called  by  Epicuros,  Corpora  Cteca, 

However,  during  the  reign  of  the  philosophy  of  Arla- 
totlfl,  it  was  admitted  that  the  air  was  not  heavy,  and  there 
were  but  very  few  philosophers  who  did  not  share  in  this 
error.  About  1640,  TorlceUi  and  otto  da  CKierieka  made 
about  the  same  time  some  experiments  by  which  the  weight 
of  the  air  was  proved,  otto  de  Guerteke's  experiments 
with  the  air-pump  were  the  most  conclusive. 

Take  a  ^lass  globe  furnished  with  a  stop-cock,  of  the  ca« 
padty  of  thirty  cubic  decimetres ;  weigh  it  by  a  good  balance ; 
then  screw  it  on  the  plate  of  the  air-pump,  and  exhaust  it 
On  af^  weighing  tne  ball,  you  wiU  find  that  its  weight 
has  diminished ;  if  the  stop-cock  is  opened,  the  air  rusnes 
into  the  ball  with  a  hissing  noise,  and  the  equilibrium  is  re* 
stored. 

So  that,  by  repeating  judiciously  Aristotto's  expMeri- 
ments,  otto  de  GKierieke  convinced  himself  that  the  air  is 
heavy.  If  Aristotle  found  the  contrary,  it  is  due  to  the 
change  of  volume  of  the  leathern  bottle  m  the  two  essays; 
for  every  body,  when  weighed  in  a  fluid,  loses  in  weight  a 
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quantity  equal  to  the  weight  of  the  flnid  displaced.  Take  a 
piece  of  iron :  weigh  it  carefully  in  the  air ;  then  suspend  it 
with  a  wire  beneath  the  scale-pan,  so  that  it  plunges  into  a 
vessel  filled  with  water ;  its  weight*  will  then  not  be  more 
than  0,86  or  0,88  of  what  it  was  m  the  air.  A  doser  exami- 
nation shews  that  the  loss  in  weight  is  equal  to  the  weight 
of  the  water  displaced  by  the  iron.  Fill  a  stoppered  bottle 
with  water,  and,  after  having  wiped  it,  place  it  on  the 
balance  beside  the  piece  of  iron,  and  wdgn  it  with  care; 
then  place  the  piece  of  iron  in  the  bottle;  it  wUl  evidentlv 
expel  an  equal  volume  of  water ;  sad  if  you  asain  weigh 
the  bottle,  after  having  wiped  it,  the  weight  wiU  be  diim- 
nished  hj^  that  of  the  water  expelled  from  it  Moreover, 
this  dimmution  will  be  exactly  equid  to  the  loss  of  weight 
which  the  piece  of  iron  undergoes,  when  weighed  in  the 
water. 

The  experiments  of  otto  de  Oneileka  having  proved 
that  the  air  is  heavy,  every  body  that  is  weighed  in  air  must 
lose  in  weight  a  quantity  equal  to  the  volume  of  air  it  dis* 
places.  The  bottle  employed  by  Aristotle  would  have 
been  heavier  if  weighed  in  vacvo.  Suppose  that  about 
thirty  cubic  decimetres  of  air  were  introduced  by  being  blown 
in,  its  weight  would  have  increased  about  four  grammes,  but 
the  bottle  would  at  the  same  time  have  expanded;  its 
volume  is  increased  hj  thirty  cubic  decimetres  and  displaces  a 
volume  of  air  equal  in  weight,  so  that  its  loss  in  weight  is 
four  grammes.  &k)  that  its  weight  remains  the  same ;  but 
in  otto  do  Guerieke's  experiment  the  vessd  retained  the 
same  capacity  whether  it  were  empty  or  fail ;  and  its  loss  in 
weight  by  the  air  displaced  being  m  both  cases  the  same,  we 
should  expect  to  find  a  difference  that  would  shew  the 
weight  of  the  air. 

OP  THS  BABOMBTBR. — Before  otto  de  GKMridte, 
Torieeiil  had  made  an  experiment,  which  also  proved  the 
weight  of  the  air,  although  in  a  less  direct  manner.  Take 
a  ff lass  tube  a  metre  long,  and  closed  at  one  of  its  extremities^ 
filT  it  with  mercury,  and  plunge  it  by  its  open  end  into  a  cup 
filled  with  the  same  metal ;  the  column  will  fiUl  in  the  tube 
to  the  height  of  about  seventy-six  centimetres  (about  tlurty 
English  inches)  on  the  sea  shore.  If  the  tube  is  inclined 
the  length  of  the  column  wUl  increase,  but  its  vertical 
height  al)ove  the  mercury  bath  will  always  remain  the  same. 
If  made  with  water,  this  experiment  would  have  given  us 
a  column  10,2  metres  high  (33Aft.  English),  and  consequently 
13,5  times  longer  than  the  column  of  mercury;  but  as  this 
metal  is  13,6  times  denser  than  water,  the  experiment  proves 
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tiiat  the  lengths  of  the  oolumns  are  inyeraely  proportioned 
to  the  densities  of  the  liquids. 

When  TOrleelli  had  diseoyered  this  relation,  he  oon- 
doded  that  the  weight  of  the  air  opposed  the  escape  of 
the  mercury  hy  the  lower  orifice  of  the  tube,  and  he  gave 
the  name  of  barometer  to  his  instrument,  from  the  Greek, 
fid^,  weieht,  and  /^Sr^M,  measure.  The  height  of  the  mer- 
curial colunm  above  the  sur&ce  of  the  medtal  is  named  the 
he^ht  oftke  barameier.  He  relied  on  the  well-known  phe- 
nomena of  communicating  tubes.  If  a  tolerably  large  baro- 
metric tube  is  bent  so  as  to  form  two  parallel  bnuu^es,  and 
water  is  poured  into  one  of  them,  it  will  be  at  a  level  in 
both  branches.  The  same  thing  is  observed  whatever  be 
the  liquid  employed,  or  the  reuitive  diameter  of  the  two 
tubes ;  if  we  first  pour  mercury  into  one  branch  and  water 
into  the  other,  the  surface  of  the  mercury  will  be  lower  in 
the  branch  containing  mercury  than  in  the  other;  but,  if 
we  guide  the  horizontal  plane  through  the  line  separating 
the  mercury  and  the  water,  and  seek  the  elevation  above 
this  plane  of  the  opposite  mercurial  column,  we  shaU  find  it 
13,5  times  less  than  that  of  the  water.  On  repeating  the 
experiment  with  other  liquids  which  do  not  combine  che- 
xmcally,  we  arrive  at  this  general  result,  that  the  heights  of 
columns  above  the  surface  of  contact  of  the  two  liquids  are 
inverBely  proportional  to  their  densities. 

Let  us  now  admit  that  the  air  is  a  heavy  body ;  it  fol- 
lows that  th^  strata  of  air  superposed,  even  to  the  limits  of 
the  atmosphere,  exercise  a  pressure  on  all  bodies  placed  on 
the  surface  of  the  earth.  K,  therefore,  we  fill  with  mercury 
a  bent  tube  open  at  its  two  extremities,  and  the  branches  of 
whidi  are  parallel,  the  mercury  will  tend  toward  the  same 
level  in  both,  because  the  air  will  press  equally  on  their 
8ttr&ee.  But  if  one  of  the  branches  is  closed,  and  the  ap- 
paratus filled  with  mercury,  it  will  stand  higher  in  the 
branch  that  is  deprived  of  air  and  dosed,  where  there  will 
"be  nothing  but  the  weight  of  the  mercury ;  while,  in  the 
other,  there  will  be  the  weight  of  the  mercury,  and  then 
that  of  the  atmosphere,  which  in  this  case  fills  the  place  of 
the  water  that  we  poured  on  the  mercury  in  the  former  ex- 
periment. Thus,  then,  the  diffirfbnce  of  level  between  the 
two  columns  will  indicate  to  us  the  weight  of  the  atmo- 
sphere. 

If  this  hypothesis  is  true,  it  follows,  as  Paaehai  was  the 
first  to  observe,  that  the  mercurial  column  must  be  larger  at 
the  foot  than  at  the  summit  of  a  mountain.  For  then  none 
of  that  portion  of  the  column  of  air  that  is  beneath  the 
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observer  presses  upon  the  mercoriid  column  eontamed  in  the 
open  tube.  Experiment  confinns  this  anticipation ;  so  that 
barometers  may  be  employed  to  measure  the  height  of 
mountains.  Two  observers  place  themselves,  one  at  the 
gnmmit,  the  other  at  the  foot ;  they  make  simultaneous  ob- 
servations, and  from  the  difference  of  the  length  of  the  mer- 
curial columns  they  deduce  the  level  of  the  two  stations. 
With  a  barometer,  provided  with  a  scale  properly  divided, 
even  the  differences  between  one  story  and  anotner  of  a  house 
are  observed.* 

BUUiTioiTY  OF  THB  AIR.— By  elasticity  we  imder- 
stand  that  property  which  certain  bodies  possess  of  occupy- 
ing less  space  under  the  influence  of  certain  forces,  and  of 
returning  to  their  original  volume  as  soon  as  these  forces 
cease  to  act.  Take  a  tumbler,  invert  it,  and  plunge  it  into 
water;  in  proportion  as  the  liquid  rises  in  the  vessel  the 
imprisoned  air  occupies  a  space,  which  is  less  as  the  glass  is 
plunged  deeper.  If  we  raise  it  so  that  the  brim  comes  in 
contact  with  the  surface  of  the  water,  the  air  again  fills  the 
whole  glass.  In  the  latter  case  the  air  is  merdy  subjected 
to  atmospheric  pressure ;  when  the  glass  is  plunged  in  the 


•  Two  kinds  of  bftrometen  may  be  employed  for  meteorological  and  hyp- 
gonoetric  obeerr ationa ;  the  baain  barometer,  or  Fostzn'b,  and  the  vyphoa 
barofDcAer.  These  two  kinds  of  Instmments  have  been  infinitely  modified. 
Among  all  these  rarletles,  an  instrument,  which  the  experienoe  of  several 
years  and  many  voyages  has  indaced  me  to  oondder  the  most  perfect.  Is 
FoBTEii's  bammeter,  modified  by  M.  Dsloos.  of  which  a  geaenil  view  is 
given  in  plate  u.>fe.  6,  and  the  details  iajigt.  6  and  7. 

The  first  modification  of  Fostin'b  barometer,  realised  by  M.  DCLCKoa, 
MBststs  In  this; — that  the  sunmit  of  the  Ivory  point,  plate  n.  >lr.  7,  d;  Is 
lovel  vrith  the  summit  of  the  annular  meniscus/'  if'  of  the  resarrov.  Fob- 
tin  placed  this  point  so  that  Its  lower  extremity  was  tangent  to  the  convex 
arc,  by  which  the  surface  of  the  annular  menison  is  united  with  the  sides  of 
the  reservoir.  The  point  of  contact  was  situated  at  soeh  a  distance  from  the 
axis  that  the  depression,  oorretpanding  to  iktspomtf  exactly  compensated  the 
depression  of  the  summit  of  the  meniscus,  ifxperiment  has  shewn  that  this 
oompensatlon,  which  is  possible  in  theory,  is  very  rarely  realised  In  praotlee. 
By  means  of  the  table  that  we  give  page  246,  it  is  easy  to  ealffiilate  ezaetly 
tUs  depression. 

The  object  of  M.  DxLcsoe*8  second  modification  was  to  render  the  mer- 
CBTT  of  the  attached  thermometer,  plate  n.JIg.  5,  <  r*.  as  little  senslMe  to  tbs 
▼anations  of  temperature  in  the  drcomambient  medium,  as  was  that  of  the 
ttarometric  column  itself.  The  bulb  of  this  thermometer  is  cylindrical,  and 
A  metal  envelope,  of  thickness  equal  to  that  of  the  copper  monntins,  prokecto 
it  amlnst  external  therroometric  Influences. 

Finally,  the  moving  screw  of  the  vernier  is  suppressed.  The  slide,  plate  n. 
Jig.  6.  blf  t^'  y,  is  retained  by  gentle  fHction,:  and  a  small  metal  button 
c  la  attached  to  it,  so  that  it  may  be  moved  up  or  down  by  a  series  of  repeated 
tM!p».  A  penknife,  a  key,  even  the  pencil  of  the  observer,  are  sofllcient  to 
produce  the  slightest  displacements.  Vide,  for  ftirther  details  on  these  in- 
•tmments,  the  barometric  comparisons  made  in  the  north  of  Europe  by  A. 
Bbatais  and  Ch.  BiASTiKS,  Mem.  de  VAcad.  de  BnueUet,  t.  xiv.  1841 ;  and 
the  description  of  the  barometer  with  constant  level,  by  M.  Ds^csoe,  BvUettn 
4e  la  aociiti  G6ologiqne  de  France^  t.  xil.  1841.— M. 


^ 
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water  it  is  subject  in  addition  to  the  pressore  of  the  water. 
Mercury  is  preferable  for  researches  of  this  kind ;  for  we 
are  able,  in  small  apparatus,  to  obtain  greater  pressures  thaa 
with  water ;  and  the  experiments  are  not  complicated  by  the 
formation  of  vapours.  Exact  experiments  shew  that  the  vo* 
lume  of  a  ^yen  mass  of  air  is  in  inverse  proportion  to  thepres« 
sure ;  this  is  called  Mariotte's  law,  firom  its  discoverer.  Sup- 
pose we  fill  a  vessel  with  eighty  cubic  centimetres  of  air  under 
A  barometric  pressure  of  seventh-six  centimetres,  this  air  will 
be  merely  subject  to  atmospheric  pressure ;  but  if  we  further 
weigh  upon  it  a  column  of  mercury  seventy-six  centimetres 
high,  the  pressure  will  be  doubled ;  that  is  to  say,  152  centi- 
mettes :  this  mass  of  air  will  then  only  occupy  a  space  of 
forty  cubic  centunetres ;  if  the  pressure  were  seventy-one 
instead  of  seventy-six  the  space  occupied  would  be, 

— ~- — =  8o  cubic  centunetres. 
71 

These  &ct8  lead  us  to  admit,  that  between  the  molecules 
'Of  air  tiiere  exists  a  repulsive  force,  by  virtue  of  which  they 
tend  to  separate  from  each  other ;  the  followiag  experiment 
proves  this  in  a  direct  manner.  Take  a  soft  flattened  bladder : 
place  it  under  the  receiver  of  an  air-pump ;  it  will  swell  out 
as  the  vacuum  is  being  made,  but  shrink  up  again  as  the  air  is 
allowed  to  return  into  the  receiver.  The  particles  of  air,  there- 
fore, tend  to  separate  bv  virtue  of  then:  elasticity,  and  to 
occupy  the  greatest  possible  space ;  but  the  pressure  of  the 
atmosphere,  acting  on  the  sides  of  the  bladder,  confines  them, 
and  presses  them  close  together :  as  soon  as  it  ceases,  the 
molecules  separate  in  all  diirections. 

If  our  atmosphere  were  not  retained  by  the  force  of 
gravity,  it  would  be  dissipated  into  space.  It  follows  that 
the  density  of  the  air  duninishes  as  we  ascend  from  the 
8urflEu»  of  the  earth,  because  the  higher  strata  are  not 
pressed  upon  by  the  lower.  Experiment,  moreover,  proves 
this  direcUy :  the  higher  we  ascend  the  more  does  the  weight 
of  a  cubic  decimetre  of  air  diminish. 

We  may  observe  throughout  nature  analogous  effects  to 
those  of  the  expansion  of  a  bladder,  under  the  receiver  of  an 
air-pump.  In  many  coal-pits  there  is  an  escape  of  hydrogen, 
a  gas  easily  obtained  by  acting  on  zinc  bv  sulphuric  add 
diluted  with  water.  This  gas  is  very  inflammable,  when 
mixed  with  air  it  detonates;  now  in  certain  galleries  this 
gas  is  so  abundant  that  they  are  obliged  to  be  abandoned ; 
but,  more  frequently,  it  is  developed  m  holes  and  cayeras. 
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oommunicatiiig  with  the  gallery  by  narrow  fissures.  While 
the  gas  18  in  small  quantities  its  presence  is  not  indicated, 
hut  tnere  is  frequently  a  detonation  at  the  time  of  a  storm. 
This  coincidence  is  easily  explained, — ^the  storm  is  indeed 
generally  preceded  by  a  sudden  fdl  in  the  barometer;  the 
pressure  becoming  less,  the  hydrogen  escapes  from  the 
nssures,  and  fills  the  gallery ;  and  if  any  one  is  so  unfortu- 
nate as  to  enter  with  a  light  an  explosion  instantly  occurs.* 
A  similar  phenomenon  occurs  in  springs  containing 
carbonic  acid,  it  is  probable  that  these  waters  are  charged 
with  this  gas  in  cavities  where  the  atmospherio  pressure  is 
much  greater  than  on  the  surface  of  the  earth ;  but  when 
the  spring  arriyes  at  the  surface,  the  gas  is  liberated  in  the 
form  of  bubbles,  especially  if  the  barometer  is  low. 

METHODS    FOR    DETERMINING   THE    WEIGHT 

OF  THE  AIR. — ^The  two  properties  of  the  air,  namely,  its 
weight  and  its  elasticity,  may  serve  to  measure  the  weight 
of  Sie  atmosphere.  As  every  body  loses  in  air  a  weight 
e^oal  to  that  of  the  air  it  di^laoes,  of  which  we  may  con- 
ymoe  ourselves  by  various  experiments,  a  hoUow  sphere  of 
glaas  or  metal  is  suspended  to  the  beam  of  a  balance,  whilst 
A  dense  body,  of  small  bulk,  is  suspended  on  the  other  side* 
If  the  oscillations  of  the  balance-beam  can  be  given  on 
mduated  scales,  we  shall  observe  that  the  sphere  &lls  when 
Sie  weif^ht  of  the  air  diminishes,  just  as  if  it  became  heavier, 
whilst  it  ascends  if  the  pressure  increases.  This  is  easily 
explained ;  indeed,  as  the  sphere  and  the  body  each  displace 
a  mass  of  air  equal  to  their  volume,  they  wei^h  less  than  im 
vacuo;  but  the  loss  in  weight  of  tlie  sphere  is  g^ter  than 
that  of  the  body.  If^  then,  the  pressure  dixmnishes,  the 
weight  of  the  two  bodies  in  eamUbrio  diminishes  also ;  but 
that  of  the  sphere  diminishes  less  than  that  of  the  body;  it 
will,  therefore,  be  heavier,  and  will  descend.  This  apparatus, 
which  has  been  employed  by  some  observers,  is  always 
inoonect,  however  pmect  may  be  the  balance  employed. 

^  Bfr.  JoHK  BuDDiLi  relfttei  thai,  in  «  nlleiy  of  •  ooal-mlne  at  Walliend, 
aa  •jcploalon  oOlrr-ilafiip,  ov  oarbni^tted  nydraKii,  killed  fllly-two  persons, 
on  October  21, 1821 ;  the  barometer  stood  at  only  731  mUUmetres. 

BIr.  CoMBis  remarirs,  th«t  the  pressure  under  which  the  gas  is  liberated 
la  not  the  same  In  all  mines  $  thus,  in  tlie  coal-mine  of  Latonr,  near  Fiimini, 
kydrogen  was  ahondantly  liberated  throogfa  a  mass  of  water,  twelve  metrea 
deep,  and  oonseqoentlj  under  a  pressore  of  about  two  atmospheres.  He 
•beeirea.  as  did  Mr.  Busdu,  that  an  esemie  oocurred  principally  in  the 
nalahboiirhood  of  spots  where  the  strata  lose  their  regularity,  either  by  a 
Ihatt  or  an  eleration.  Thuson  April  10, 1824,  tliere  was  an  explosion  in  tlie 
aoal-mlne  of  Ronehamp  (Hante-Satee),  hj  which  twenty  workmen  were 
kdlled.  The  gas  had  prerhiualy  been  rara^  seen  in  this  mine,  or  only  la 
aouJI  quantities ;  howerer,  an  eeeape  had  taken  place  before  the  aooidant, 
in  the  neighbourhood  of  a  flnlt.— (Onnpfet  rtnOitt  4iVAcad*  4et  Sciemcctt  X.  U. 

pp.miM».  ine).  m. 
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We  may  also  measure  the  yariations  of  atmospheric 
pressure  hy  considering  the  volume,  which  the  same  mass 
of  air  occupies  under  different  circumstances.  Thus,  let  a 
eertain  volume  of  dry  air  be  closed  up  in  a  glass  tube,  of  a 
known  capacity,  and  separated  from  the  surrounding  air  by 
a  column  of  mercury.  If^  while  the  temperature  remains  the 
same,  the  pressure  diminishes,  this  aur  will  expand^  and 
from  the  space  it  occupies  may  be  deduced  the  change  of 
pressure ;  as  heat  also  dilates  the  air,  we  must  attach  to  the 
apparatus  a  correct  thermometer,  in  order  to  appreciate 
variations  of  temperature. 

The  barometer  is  the  instrument  which  best  indicates 
changes  in  atmospheric  pressure ;  but,  in  order  to  make  aa 
exact  instrument,  we  must  not  neglect  any  of  the  following 
precautions. 

BOIUNO  THE  MBRCURY  IN  THB  BABOMBTER. 

— As  the  length  of  liquid  columns  m  egtaUbrw  with  the 
atmosphere  are  inversely  proportional  to  their  density,  it  is 
indispensable  to  employ  perfectly  pure  mercury ;  if  it  u 
amalgamated  with  zmc  or  lead,  its  density  is  no  longer  the 
same,  and  the  length  of  the  colunm  diners  firom  that  of 
a  barometer  filled  with  perfectly  pure  mercury.  The  most 
simple  process  consists  m  washing  the  mercury  with  acetic 
or  oilute  sulphuric  acid ;  other  more  perfect  processes  are 
difficult  of  execution. 

The  mercury,  being  properly  purified,  is  poured  into  the 
tube,  but  then  the  air  remams  imprisoned  at  the  bottom  of 
the  tube,  and  the  metal  itself  is  mixed  with  bubbles  of  air. 
To  drive  these  away,  the  tube  is  first  filled  to  about  one- 
third  ;  it  is  then  brought  near  to  a  charcoal  fire,  or  a  strong 
girit-lamp,  and  is  turned  on  its  axis  so  as  to  expose  to  the 
e  the  whole  surfiice  of  the  cylinder  in  succession,  until  the 
mercury  begins  to  boil ;  it  is  then  allowed  to  become  com^ 
pletefy  cold,  and  mercuiy  is  added  so  as  to  fill  two-thirds  of 
the  tube.  Boiling  is  again  commenced,  bmnning  from 
helow ;  and  we  contmue  thus  until  the  tube  is  fimd  and  all  the 
mercury  has  boiled.  In  order  to  learn  whether  a  barometer 
has  been  well  boiled,  it  is  gently  inclined,  the  striking  of  the 
mercury  asainst  the  end  produces  a  diy  and  metallic  sound ; 
it  is,  on  uie  contrary,  dull  and  heavy  if  a  bubble  of  air 
xemains.  We  may  abo  discover,  by  means  of  a  lens,  if  any 
babble  of  air  remains  at  the  end  of  the  tube.* 

SOAXA  OF  THB  BABOKBTBB.— It  must  be  of  brM% 

•  It  if  e«8oUtithatth«boi]]]icbenotcMTMontooloiig,otli«rwlMtlM 
eQliMimofiBeroivyraDBaABSwilMitegtothetop  oCtlietab«,orelM  itiatMw 
mlnatod  br  •  bIum  or  •m  a  oomew  nrliMb  tattmA  oC  *  taawn.  na* 
.— M. 
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provided  with  a  vernier,  so  as  to  give  at  least  the  tenths  of 
a  millimetre.  In  France,  the  scale  is  in  millimetres;  in 
Eneland,  in  English  inches  divided  into  tenths ;'  in  Germany, 
in  French  inches  and  lines ;  the  vernier  generally  indicates 
the  tenth  of  a  line.  The  Grermans  indicate  inches  by  putting 
two  accents  ailter  the  number;  lines,  by  putting  three 
accents ;  27''  3%  85,  means  27  inches,  3  lines,  85  hundredths 
of  a  line ;  more  frequently  they  give  the  height  in  lines,  toad 
the  preceding  number  becomes  327, 85'". 

OOBRBCTION  BBX.ATINa  TO  TBHPBRATURB. — 

Li  order  to  admit  of  comparison,  barometric  measurements 
require  a  correction,  because  heat  expands  the  mercury.  If  we 
compare  two  barometric  columns,  having  the  same  length  at 
different  temperatures,  these  columns  would  not  have  the 
same  actual  length  at  the  same  temperature.  Thus,  then, 
we  must  make  a  correction,  in  order  that  the  lengths  of  the 
buometric  columns  may  be  such  as  they  would  nave  been 
found  if  the  barometers  had  been  suspended  in  the  same 
room ;  so  that  a  thermometer  is  attached  to.  each  barometer, 
and  so  placed  that  its  temperature  indicates,  as  nearly  as 
possible,  that  of  the  mercury  of  the  barometric  column. 
Measurements  careftilly  made,  prove  that  if  we  represent 
hv  1  the  length  of  the  barometric  column  at  freezing  point, 
this  lengl^  becomes  1,0156  at  the  temperature  of  boiling 
water.  The  dUatation  of  mercury  being  uniform  between 
the  freezing  and  boOiiu;  point,  the  dilation  for  one  cent^^de 
degree  may  be  consiifered  0,0018 ;  i^  then,  a  barometer, 
with  the  air  at  zero,  is  at  760"^,  siid  it  is  brought  into 
a  room  at  20^,  its  height  will  be  762,44'"'^,  without  the 
atmospheric  pressure  having  undergone  the  slightest  change. 
The  reverse  takes  place  in  fike  manner ;  if,  in  a  chamber  at 
32%  the  barometer  indicates  763,90,  it  wiU  only  be  758,03 
in  the  air  at  —16". 

By  means  of  tables  we  may  thus  reduce  the  temperature 
of  the  merenrial  column  to  any  other  temperature  what- 
ever,* but  it  is  generally  reduced  to  that  of  melting  ice. 

The  graduated  scale  that  accompanies  the  barometrio 
tube  also  chan^  in  length,  according  to  the  temperature : 
it  is  longer  in  high  temperatures  than  in  low ;  and  then  the 


»  Vide  Note  k.  Appendix,  No.  11. 

*  Tables  for  the  reduction  of  the  barometer  to  lero,  are  ftnind  in  tlM 
jbmmaire$,  pabliahed  by  M.  ScnmiAcmB,  within  the  limits  oompriied  b»- 
tween  700  end  778,  and  the  temperatures  of  -  17  to  +  3S.  That  of  the 
metric  barometer  Is  found  in  the  Jmntaire  of  1838 ;  those  of  French  inches 
•nd  lines  in  that  of  1839 ;  that  of  the  English  barometer  in  the  Awmaire  of 
18S7. 
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measure  of  an  interval  is  expressed  by  a  smaller  number 
tiian  during  cold.  Thus,  then,  while  heat  elongates  the 
mercurial  column,  the  scale,  by  expanding,  partly  destroys 
this  effect;  if  mercury  and  copper  dilated  equally,  these  two 
effects  woiild  reciprocally  destroy  each  other,  and  the  cor- 
rection would  be  nothing;  but  it  is  not  so.  When  the 
Bcale  is  of  brass,  as  is  generally  the  case,  its  expansion  is 
only  0,1  of  that  of  the  mercury.  On  the  other  hand,  if  we 
are  at  liberty  to  reduce  the  mercurial  column  to  any  tem- 
perature, it  is  not  the  same  with  the  scale;  for,  in  all 
countries,  the  division  of  scales  is  always  brought  to  a 
certain  temperature.  Thus,  in  France,  the  millimetres  of 
the  scale  are  not  strictly  millimetres,  except  at  the  tem- 
perature of  zero ;  French  feet  and  inches  are  not  feet  and 
mches,  except  at  a  temperature  of  13^  Reaumur.  We  here 
give  a  table  for  reducing  to  the  temperature  of  zero  a  baro- 
metric column  provided  with  a  brass  scale,  the  metrical 
divisions  of  whicn  represent  centimetres  and  millimetres  at 
the  temperature  of  zero.* 

'  *  For  H.  Kaxmtz'i  table,  which  only  extended  from  540  to  778  metres,  I 
hare  substituted  the  much  more  extensiTe  and  perfect  table  lately  calculated 
by  M.  DsLoaos.  Its  use  is  rery  dmple.  Suppose  that  the  barometer  is  at 
745  millimetres,  and  Uie  attached  thermometer  indicates  9".  We  must 
mbtraet  1"«,083,  and  we  shall  haTO  the  height  of  the  bsrometer  reduced  to 
743*«,918  at  sero.  Another  example :  If  the  barometer  indicates  758wb,62, 
and  the  thermometer  15^6,  the  quantity  to  be  subtracted  will  be  first 
that  which  correnands  to  10^,  which  will  be  found  in  the  column  headed  1^ 
namely,  ]>»,22,  increased  by  that  corresponding  to  5^,  namely,  O^'.Gl. 
Finally,  to  this  sum  we  add  the  correction  corresponding  to  Vfi,  namely, 
0»",07.    The  total  correction  will  therefore  be : 

1»»,22  +  0»-,61  +  0«»,07=  1"«,90. 

As  the  00Trecti<m  undergoes  rery  litUe  change  in  erery  fire  millimetres 
of  thebsrometric  column,  aad  the  thermometnc  Indications  only  gire  ap- 
proximately the  temperature  of  the  barometric  column,  it  would  be  pretend- 
ing to  an  imaginary  exactness  to  make  rigorous  interpoAations. 

If  the  thermometer  that  is  attached  to  the  barometer  marks  degrees 
below  sero,  we  then  take  the  correspondinc  poritiTe  dnprees  in  the  table,  and 
the  correction  becomes  adHUve.  Thus,  m  a  genersl  manner,  if  A  is  the 
height  of  t])e  barometer,  »  the  number  of  poeitiTe  or  negative  degrees 
marked  by  the  thermometer,  the  formula  of  the  reduction  to  sero  is  =A.  n. 
0,0001614.— M. 
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n 


mm. 

400 
05 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

500 
05 
10 
15 
20 
25 
30 
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DILATATIONS  OF  THS  BCSBCURIAL  COLUMN. 


1* 


mm. 


2° 


mm. 


3^ 


mm. 


0,065  0,129  0,194 
0,065  0,1310,196 
0,066  0,132  0,198 
0,067  0,134  0,201 
0,068  0,136  0,203 
0,068  0,137  0,206 
0,069  0,139  0,208 
0,070  0,140  0,211 
0,071  0.142|0,213 
0,072  0,144|0,215 
0,073  0,145  0,218 
0,073'0,147j0,220 
0,074!0,148  0,22.t 
0,075  0,150  0,225 
0,076  0,152  0,228 
0,077  0,153  0,230 
0,077  0,155  0,232 
0,078  0,156  0,235 
0,079|0, 15810,237 
0,080.0,160  0,240 
0,08l!0,16li0,242 


4° 


mm. 
0,258 
0,261 
0,265 
0,268 


mm. 
0,323 
0,327 
0,331 
0,335 


6^ 


0,0810,163 
0,082  0)165 
0,08310,166 
0,084<0,168 
0,085*0,169 
0,085,0,171 
0,086  0,173 


0,087 
0,088 
0,089 
0,090 
0,090 
0,091 
0,092 
0,093 
0,094 
0,094 


0,174 
0,176 
0,177 


0,244 

0,247 

0,249 

0,252 

0,254 

0,257 

0,259 

0,261 

0,264, 

0)266 


0,271 10,339 
0,274,0,343 
0,278,0,347 
0,281  0,351 
0,284;0,355 
0,287  ;0,359 
0,290  0,363 
0,294  0,367 
0,297|0,371 
0,300,0,375 
0,303:0,379 
0,307|0,383 
0,3100,387 
0,3130,391 
0,31610,395 
0,3190,399 
0,323  J0,40;3 
0,326  0,407 


0,329 
0,332 
0,336 


0,412 
0,416 
0,420i0,504 


mm. 
0,387 
0,392 
0,397 
0,402 
0,407 
0,411 
0,416 
0,421 
0,426 
0,431 
0,436 
0,441 
0,445 
0,450 
0,455 
0,460 
0,465 
0,470 
0,474 
0,479 
0,484 
0,489 
0,494 
0,499 


mm.      mm.      mm. 
0,452  0,516  0,581 
0,457  0,523  0,588 
0,463  0,529;0,596 


8° 


0,469 
0,474 
0,480 
0,486 
0,491 
0,497 
0,503 
0,508 
0,514 
0,520 
0,525 


0,536 
0,542 
0,549 
0,555 
0,562 
0,568 


0,603 
0,610 
0,617 
0,625 
0,632 
0,639 


0,574  0,646 


0,581 
0,587 
0,594 
0,600 


0,53rO,607 
0,53710,613 
0,542  0,620 


0,654 
0,661 
0,668 
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0,683 
0,690 
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0,095  0)190 
0,096  0,192 


0,179i  0,269 
0,271, 
0,274 
0,276| 
0,278 
0,281 
0,283 
0,286 
0,288 


0,181 
0)182 
0)184 
0)186 
0)187 
0)189 


0)339,0,424 
0,342,0,428 
0,345  0,432 
0,3490,436 
0,3520,440 
0,35510,444 
0,358;0,448 
0,361  0,452 
0,365,0,456 
0,368|0,460 
0,371  !0,464 
0,374*0,468 
0,378io,472 
0,381  j0,476 
0,3840,480 


0,508 
0,513 
|0,518 
0,523 
0,528 
0,533 
0,537 
0,542 
0,547 
0,552 
0,557 


0,548  0,626,0,704 
0,554  0,633,0,712 
0,559  0,639  0,719 
0,565  0,646  0,726 
0,570  0,6520,734 
0,576  0,658  0,741 
0,582  0,665  ;o,748 
0,587  0,6710,755 
0,593  0,678  0,763 
0,599  0,684  0,770 
0,604  0,691  0,777 
0,6100,697,0,784 
0,616iO,704  0,792 
0,621  !0,710  0,799 
0,6270,717,0,806 
0,633  0,723  0,813 
0,638  0,730  0,821 
0,644]0,736,0.828 
0,650'0,742  0,835 


0,562|0,655j0,749  0,842 
0,566,0,66r0,755!0,85O 
0,571  0,667  0,762'o,857 
0,776iO,672,0,768;0)864 
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Before  abandoning  this  subject,  we  must  shew  by  some 
examples  the  indispensable  necessity  of  these  reductions; 
Ibnnerly,  they  were  neglected ;  and  it  is  only  within  about 
ten  years  that  the  majority  of  observers  have  taken  them 
into  account.  However,  in  some  countries,  and  particularly 
in  England,  there  are  philosophers  who  do  not  appear  to 
have  appreciated  their  necessity:  for  their  meteorological 
journals  merely  contain  the  uncorrected  heights  of  the  baro* 
meter.  Indications  of  this  kind  teach  us  plainly,  in  general 
terms,  whether  the  barometer  is  high  or  low ;  but  there  are 
a  great  number  of  researches  for  which  they  could  not  be 
employed.  Do  we  wish,  for  example,  to  compare  the  baro- 
metric height  in  the  different  seasons  ?  The  reduction  is 
indispensable.  Indeed,  suppose  that  during  the  winter  the 
bcut)meter  was  placed  in  a  room  not  warmed,  the  mean  tem- 
perature of  which  was  — 5° ;  and  that,  in  summer,  the  same 
mean  was  20^ ;  suppose  also  that,  in  the  two  seasons,  the 
uncorrected  height  was  756'"'°.  We  should  commit  a  great 
error  were  we  to  conclude  that  the  atmospheric  pressure 
was  the  same  in  both  seasons ;  for,  on  reducing  the  bu^- 
meters  to  lero,  we  should  find  that,  in  winter,  the  mean 
height  of  the  barometer  is  756°"",24,  and  in  summer, 
TdS'^ySS ;  so  that  it  is  2''»,68  less  in  summer  than  in  win- 
ter. There  are  other  researches  in  which  small  differences 
in  temperature  may  occasion  great  errors;  we  shidl  pre- 
sently see  that  the  barometer  is  lower  at  4  p.m.  than  at 
10  A.M.  In  our  mean  latitudes  this  difference  is  about 
O^^O.  Suppose  that  the  barometers  are  not  brought  to  the 
same  temperature,  and  that  the  thermometer  rises  3°,  from 
10  x,M,  to  4  P.M.,  a  difference  that  is  observed  almost 
every  day  throughout  the  year ;  it  follows  that  the  baro- 
meter is  hiffher  by  0"<",4  than  if  the  temperature  had  not 
changed :  ror,  if  the  barometer  falls  0^»,6,  in  consequence  of 
^minntion  of  pressure,  it  rises  0™">,4  in  consequence  of 
increase  of  temperature,  and  the  corrected  difference  is 
0"",6  —  0»",4  =:  0""",2;  on  the  contrary,  without  these 
eorrections,  it  is  0«",6  —  0»"»,2  zi  0«",4 :  thus  the  error 
would  be  0°*"',2.  Conseauentlv,  the  most  faithful  observa- 
tions, and  those  made  witn  the  best  instruments,  are  valueless 
unless  the  temperature  of  the  barometric  column  be  known. 

COBRBCTION  FOR  CAPiiiiiARlTY.*— In  all  reser- 
voir barometers,  where  the  point  is  adjusted  to  the  summit 
of  the  meniscus,  and  in  that  of  Fortin,  as  modified  by  M. 
l>«leros,  in  particular,  another  correction  is  necessary ;  it 

* 

*  TlM  pwagnph  vad  Um  table  hATe  b«tn  added  by  M.  Martina. 
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is  that  for  capillarity.  In  ooTi8eq[uence  of  this  force,  the 
barometric  column  is  shorter  than  it  ought  to  be ;  and,  con-' 
sequently,  it  does  not  measure  exactly  the  weight  of  the 
atmospheric  column.  In  order  to  make  this  correction,  we 
must  know  two  elements :  1  st,  the  interior  diameter  of  the  tube ; 
2d,  the  length  of  the  versed-sine  (Jieche)  of  the  meniscus. 
K  the  maker  has  not  taken  care  to  measure  the  interior  dia- 
meter directly,  it  may  be  deduced  from  the  exterior  diame- 
ter; the  exterior  diameter  is  first  measured  by  callipers, 
and,  by  deducting  from  this  diameter  2'°">,3  for  tubes  eight 
or  ten  millimetres  in  external  diameter,  and  2'"'",5  for  those 
ten  or  twelve  millimetres  in  external  diameter,  we  have  an 
approximation  to  the  interior  diameter  of  the  tube. 

To  know  the  length  of  the  versed-sine  of  the  meniscus, 
the  slide  h  h'  h"  h'"  (pi.  u.Jig.  6)  is  so  placed,  that  the  edge  n  m 
is  tangent  to  the  summit  of  the  meniscus ;  the  point  of  the 
scale  corresponding  to  this  is  noticed;  the  slide  is  then 
lowered  until  the  edge  n  m  coincides  with  the  base  of  the 
meniscus;  this  point  of  the  scale  is  also  noticed.  By  re- 
peating this  operation  ten  or  twenty  times  in  succession,  we 
obtain  for  the  length  of  the  versed-sine  a  mean  value,  which 
is  quite  exact  enough. 

Knowing  the  radius  of  the  tubes  and  the  length  of  the 
versed-sine  of  the  meniscus,  it  is  easy  to  know  what  is  the 
corresponding  capillary  depression  by  making  use  of  the  fol- 
lowing table.  Thus : — suppose  the  radius  of  the  tube  is 
equal  to  four  millimetres,  and  the  versed-sine  of  the  menis- 
cus 0»'»,8.  I  look  for  4,0  in  the  first  column,  and  0,8  in 
the  first  horizontal  line.  At  the  point  where  the  vertical 
column,  corresponding  to  the  radius  of  the  tubes,  meets  the 
horizontal  line  corresponding  to  the  versed-sine,  the  num- 
ber 0,45  is  found.  This  must  be  added  to  the  barometric 
column,  in  order  to  correct  the  error  for  capillary  depres- 
sion, and  to  have  exactly  the  weight  of  the  atmospneric 
eolumn.* 

*  M.  Bbavais  haa  Bhewn  thaVcApiUuy  depression  maj  be  calculated  aa 
a  ftinction  of  the  angle  of  incidence  of  the  meniscus  on  the  glass,  and  of  the 
radius  of  the  barometric  tube.  The  table  constructed  by  him  with  his  for- 
mula differs  very  little  from  the  following,  which  M.  Dklceos  has  calcu- 
lated, by  help  of  the  formulsB  of  M.  ScBLBiBaMACiUEa  (Vide  Annates  de  CIcn. 
^t  de  Phyi.y  3d  series,  t.  v.  1842). 
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DnniNAL    VARZATION8   OF  THB   BAROMETER. 

— We  are  aware  that  in  our  climates  the  barometric  column 
is  incessantly  oscillating.  These  irregular  oscillations,  which, 
beyond  the  tropics,  are  connected  with  the  state  of  the 
atmosphere,  depend  on  the  geographical  position  of  the 
place;  they  are  more  marked  as  we  recede  further  from 
the  equator.  Within  the  tropics  the  state  of  the  atmo- 
sphere has  very  little  influence  over  the  barometer.  If, 
therefore,  we  observe  the  instrument  hourly  for  one,  or  for 
several  days,  we  shall  remark  regular  oscillations,  that  is  to 
say,  the  mercury  will  fall  at  certain  hours  to  rise  again  at 
other  hours. 

A  dissertation  by  Beale,  published  in  1666,  shews  that 
even  then  he  suspected  the  existence  of  this  phenomenon ; 
for  he  affirms  that  the  barometer  is  higher  in  the  evening 
and  in  the  morning  than  it  is  at  mid-day.  Analogous  indi- 
cations are  found  m  voyages  to  equinoctial  countries.  An 
unknown  observer,  who  dwelt  at  Surinam  in  1722,  was  the 
first  to  give  positive  notions  on  this  phenomenon ;  he  says,  that 
the  barometer  has  two  diurnal  nunma  and  two  maxima ;  and 
he  indicated  very  exactly  the  hours  of  these  extremes,  which  we 
will  term  tropicid  hours.  Father  Beadier  studied  the  daily 
oscillations  at  Chandemagor,  in  India,  during  the  year  1740  : 
more  recently,  this  phenomenon  has  been  remarked  by  a 
ereat  number  of  travellers;  but  M.  de  Humboldt  was  the 
first  who  made  very  exact  observations,  and  who  drew  the 
attention  of  philosophers  to  this  variation.  It  was  import- 
ant to  know  whether  this  phenomenon  exists  also  in  other 
countries.  Clmlnello  maoe  an  uninterrupted  series  of  ob- 
servations at  Padua,  from  1778  to  1780 ;  but  his  work  fell 
into  oblivion.  The  observations  of  vaa  Bwinden  in  Hol- 
land, and  of  Hemmer  and  Flaaer  in  G^ermanv,  left  much  to 
be  desired;  Ramond,  therefore,  undertoox  a  continued 
series;  and  other  meteorologists  imitated  him:  unfortu- 
nately, they  contented  themftlves  with  observing  the  baro- 
meter only  three  or  four  times  a-day.  Yalln,  of  Munich, 
made  a  long  succession  of  observations ;  but,  although  they 
clearly  shew  the  law  of  diurnal  oscillations,  we  cannot  con- 
clude any  thing  concerning  the  extent  of  these  oscillations, 
because  ne  did  not  notice  the  temperature  of  the  mercury. 
The  series  made  by  HaUstroem,  at  Abo,  in  Finland,  is  in- 
finitely more  satisfactory:  at  ualle,  from  the  commence- 
ment of  1827, 1  have  almost  always  observed  the  barometer 
hourly  fh)m  6  a.m.  to  10  p.m.  N«iiber,  at  Ap^irade, 
Ipobrmaim,  at  Dresden,  Keller,  at  Ejremsmunster,  and  the 
astronomers  of  the  Milan  Observatoiy,  are  now  making,  or 
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have  made,  some  long  series.  The  most  northern  point,  for 
which  we  possess  several  ^ears  of  observations,  is  Petersburg, 
where  the  state  of  the  mstruments  is  observed  every  two 
hours.  The  observations  made  by  the  English,  in  their 
voyages  to  the  pole,  unfortunately  leave  much  to  be  desired. 

The  diurnal  oscillations  depend  on  the  geographical 
position  of  the  place  where  the  obserrations  are  made.  Near 
the  equator  the  differences  between  the  maximum  and  the 
nunhnum  are  very  ffi]eat ;  and  a  single  day^s  observations 
are  sufficient  to  establish  the  existence  of  these  oscillations. 
It  is  not  the  same  in  the  high  latitudes ;  not  only  is  the  diur- 
nal variation  less,  but  it  is  also  marked  by  irregular  oscilla- 
tions. However,  if  we  follow  the  barometer  for  a  month,  the 
mean  of  the  observations  enables  us  to  recognise  the  law ; 
it  is  even  appreciable  in  a  period  of  ten  days.  Once,  in  the 
course  of  my  observations,  I  was  unable  to  recopiise  it; 
it  was  during  the  first  eighteen  days  of  the  month  of  De- 
eember,  1833,  which  was  so  remarkable  for  disturbances  of 
every  kind.  One  year  of  observations,  therefore,  is  suffi- 
cient to  establish  the  laws  of  diurnal  variation;  but  the 
difference  of  seasons  is  not  easily  recognised  even  in  a  series 
of  twelve  years. 

In  almost  all  the  series  that  we  possess,  observations 
have  not  been  made  at  night ;  however,  the  hourly  changes 
are  so  regular,  that- the  ran^  of  the  barometer  by  night 
may  be  deduced  from  that  which  it  follows  during  the  cby. 
The  following  table  presents  the  mean  height  of  the  baro- 
meter for  all  nours  of  the  day,  and  at  different  latitudes  :*- 
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From  among  the  great  number  of  places,  for  which  I 
possess  barometric  senes,  I  have  chosen  those  that  have 
seemed  to  me  suited  to  shew  the  law  which  these  oscilla- 
tions follow ;  they  are  comprised  between  the  equator  and 
the  60th  degree  of  north  latitude.  These  numbers  very 
well  shew  the  laws  of  the  diurnal  barometric  variation. 
From  mid-day,  the  barometer  falls  until  3  or  5  p.  m ., — the 
moment  when  it  attains  its  minimum ;  it  then  rises,  and  its 
maximum  occurs  between  nine  and  eleven  in  the  evening.  It 
falls  again,  and  a  second  mitdmvm  is  observed,  about  four 
in  the  morning,  and  a  second  maximum  about  10  a.m.** 

The  tropi^  hours  are  not  the  same  in  all  countries ; 
but  this  difference  perhaps  only  depends  on  the  want  of 
length  in  certain  series,  which  prevents  the  influence  of 
anomalies  from  entirely  disappeanng.  The  general  means 
are  as  follows : — 

*  The  bikorary  barometric  obserrationamade  at  Bosekop,  latitude  66*56', 
by  the  hjbematlng  members  of  the  CommiBRion  of  the  North,  gave  M. 
BmAYAD  the  folloivtog  results,  as  hourly  means :— > 

HOUBLT  BABOMETKIC  MKAM8  AT  BO0BKOP. 


BBIOHT 

BBIOHT 

B0UB8. 

of  the 

HOUB8. 

of  the 

Barometer. 

Barometer. 

mm. 

mm. 

Noon. 

755,01 

Midnight. 

754.90 

a 

754.96 

14 

•754,79 

4 

754,82 

16 

754,70 

6 

754,87 

18 

754,68 

S 

754,89 

20 

754,75 

10 

754,92 

22 

754,96 

In  order  to  obtain  these  numbers,  the  curve  of  diurnal  Tariatlon  is  deter- 
mined separately  for  the  equinoxes  and  the  solstices,  and  the  mean  between 
the  equinoctial  and  the  solstitial  curve  is  taken. 

If  we  deduce  from  this  table  the  barometric  mean  for  the  hours  4  and  16, 
and  if  we  subtract  it  from  the  mean  of  the  barometric  heights  at  the  hours 
10  and  22,  we  shall  have  what  M.  Kabmtx  has  termed  the  mean  diunuU 
oiciUeUwn  qfthe  barometer :  its  value  is  equal  to  0«i,18.  The  observations 
at  Koningsberg,  Petersburg,  and  Kasan,  gave  about  the  same  amplitude. 
Moreover,  the  tacrements  and  decrements  of  these  numbers  prove  that,  in 
the  regions  situated  at  the  north  of  the  polar  circle,  the  hours  of  the  arrival 
of  the  maxima  and  minima  are  behind  the  hours  of  the  arrival  which  are 
peculiar  to  the  temperate  lones;  but  this  retardation  is  not  safflciently 
great  to  sabvert  the  direction  of  the  undulation :  in  order  that  this  subver- 
sion may  take  place,  the  delay  should  be,  at  least,  three  hours ;  and  our 
obeervatlons  prove  that  it  is  scM^oely  equal  to  one  hour  and  a  half  under  the 
70th  degree  of  latitude.— M. 
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TKOFICAIi    HOUBS   OF    DHIBJIAL    BAXOKSTBIC   TABTATIOM   IJI 

THV  HOBTHXBir  HBMISPHBBB. 


Mmmum  of  the  eyening  4^    5* 

Maximum  of         „  .        .  10    11 

Jftntmtcm  of  the  morning  .                .  15    45 

Maximum  of         „  ...  21    87 

If,  therefore,  an  observer  wishes  to  know  the  maxima 
and  minima  of  atmospheric  pressure,  he  should  make  his 
obeervatioDs  at  4  a.  m.  and  at  10  p.  m.  The  choice  of  these 
hours  is  the  more  to  be  recommended,  as  they  are  those, 
the  thermometric  mean  of  which  is  equal  to  the  diunial 
thermometric  mean. 


TROPICAXi    HOURS    IN   THE    DIFFERBNT 

SONS. — ^If  the  geoCTaphic  position  appears  without  influence 
over  the  tropiod  nours,  the  seasons  have  a  very  sensiUe 
influence,  which  waa  found  in  Clmlnello'fl  series,  and  was 
pointed  out  in  a  very  positive  manner  by  Ramondi  my 
series  at  Halle  gives  for  the  tropical  instants  the  following 
moments  in  true  time,  and  in  the  decimal  parts  of  an  hour. 


TBOPICAL  HOUBS  OF  niUBNAL  BABOMETBIC  VABIATIOH 

AT   HAIXB. 


MONTHS. 

MIBIMUM. 

MAXTMUM. 

MINIMUM. 

MAXIMUM. 

January     . 

2^81 

9S17 

l6^9l 

2l^9l 

February  . 

3,43 

9,46 

15,86 

21,66 

March  .    . 

3,82 

9,80 

15,87 

22,10 

April     .    . 

4,46 

10,27 

15,53 

21,53 

5,43 

10,93 

15,03 

21,13 

June     .    . 

5,20 

10,93 

14,83 

20,73 

July      .    . 

5,21 

11,04 

15,04 

20,48 

August .    . 

4,86 

10,66 

15,06 

20,96 

September . 

4,55 

10,45 

15,45 

21,71 

October.    . 

4,17 

10,24 

15,97 

22,07 

November . 

3,52 

9,85 

16,68 

22,08 

December  . 

3,15 

9,11 

16,91 

22,18 

(Vide  Appendix,  >^.  23.) 

This  table,  however,  possesses  several  anomalies,  and 
proves  that  a  series  of  observations,  comprising  ten  years,  ia 
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not  Boffident  in  onr  latitudes  to  determine  rigorous]  j  the 
tropical  instants.  The  influence  of  the  seasons  is  very 
marked :  in  winter  the  barometer  attains  its  lowest  point 
about  three  o'clock,  but  in  summer  it  falls  until  five  o'clock 
at  least.  On  the  whole,  during  winter,  the  tropical  moments 
•are  nearer  mid-day,  by  about  two  hours;  they  arriye  later 
in  the  morning  and  sooner  in  the  evening. 

AlSPIiITUDB  or  THB  DIURNAXi  OBOZLLATXONS. 
— ^The  influence,  of  latitude  over  this  amplitude  is  very 
evident.  Let  us  look,  for  example,  for  the  dinerence  between 
the  height  of  the  barometer  at  10  a.m.  and  at  4  p.m.  ;  we 
shall  find  2'>">>,39,  as  the  mean  at  Cumana  and  La  Guayra ; 
and  at  Petersburg  and  Abo,  0°>%113,  that  is  about  ^th 
the  extent  of  the  oscillations  near  the  e<}uator.  The  opimons 
of  meteorologists  on  the  manner  in  which  these  comparisons 
ought  to  be  established  are  divided :  M.  de  RmiAbolilt  takes 
the  difference  of  the  two  extremes  of  morning  and  evening, 
and  neglects  the  others ;  others  consider  the  four  extremes, 
and  take  the  difference  between  the  hiehest  maximum  and 
the  lowest  minmum.  These  two  mMods  appear  to  me 
incorrect ;  and  I  have  perceived  that,  by  thus  neglecting  the 
two  extremes,  the  accidental  variations  are  not  sufliciently 
eliminated.  Suppose,  for  instance,  that  the  barometer  falls 
rapidly  between  10  a.  m.  and  4  p.  m.  The  difference  between 
the  two  observed  extremes  will  be  too  great;  but,  for 
the  very  reason  that  it  has  fallen  rapidly  during  the  day,  it 
will  fall  less  during  the  night;  and,  by  subtracting  the 
mean  of  the  minima  from  that  of  the  maxima^  we  shall  find 
a  Quantity  that  will  approach  much  nearer  to  the  truth :  we 
wul  name  this  difference  die  diumal  oscillation. 

Before  examining  the  extent  of  the  mean  diurnal  oscil- 
lation in  different  regions,  I  must  mention  certain  important 
points,  which  we  must  not  lose  sight  of,  in  comparing  these 
quantities  with  each  other.  In  our  climates,  the  season  has 
an  influence  over  the  diumal  oscillation,  and  even  within 
the  tropics  it  is  less  duritua;  the  rainy  season ;  at  least,  such 
seems  to  be  the  result  of  the  few  observations  that  have 
been  made  in  India.  Baisiond  was  the  fiLret  to  point  out 
this  fact,  which  has  since  been  established  by  a  great  many 
observers ;  but,  in  order  to  obtain  exact  numbers,  we  must 
calculate  series  comprising  a  great  number  of  years.  For, 
it  it  is  very  certain  that  in  winter  the  diumal  oscillation 
arrives  at  its  minimum,  there  is  some  doubt  remaininff  as  to 
the  season  at  which  it  reaches  its  maximum ;  some  plsoe  it 
in  sommer,  others  in  antumni  some  even  in  spring.    As  my 
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obeeryatioDs  compnse  a  long  series,  I  have  reduced  them  to 
three  years  of  the  Milan  Observatory.  It  is  much  to  be 
regretted  that  Hallstroem  has  not  yet  published  the  series 
that  he  made  at  Abo  and  at  Helsingfors ;  they  would  lead 
to  important  conclusions. 

MBAN  DIUBNAL  OSCILLATIOH  OF  THB  BABOMBTBR. 


MONTHS. 

HAIiLB. 

MUlAN. 

January  .    .    . 

0,393 

0,738 

February 

0,476 

0,718 

March.    . 

0,488 

0,871 

April  . 
M!ay     .    . 

0,569 

0,871 

0,546 

0,801 

June    . 

0,557 

0,961 

July    . 

0,566 

0,952 

August    . 

0,569 

0,812 

September    . 

0,546 

0,817 

October    .    , 

0,566 

0,745 

November 

0,426 

0,727 

December     .    . 

0,363 

0,700 

(Vide  Appendix,  fig.  24.) 

The  influence  of  season  becomes  evident  in  this  table :  in 
winter,  the  diurnal  oscillation  attains  its  minimum ;  it  con- 
tinues augmenting  till  summer,  when  it  attains  its  maximum. 
Halle  and  Milan  follow  the  same  law ;  but  the  anomalies 
that  we  observed,  on  calculating  the  mean  oscillation  for 
these  two  towns,  prove  that  even  decennial  series  are  too 
short. 

In  order  to  know  the  mean  diurnal  oscillation  of  the 
barometer,  the  observations  must  embrace  at  least  one  year ; 
the  height  above  the  level  of  the  sea  has  also  a  great  in- 
fluence. Danlell  was  the  flrst  to  remark  that  the  Ix&rometer 
of  the  great  St.  Bernard  was  often  higher  in  the  afternoon 
than  in  the  morning,  whilst  the  contrary  was  the  case  at 
Geneva.  A  series  of  corresponding  observations  made  by 
M.  Esebmaim  on  the  Rigi,  and  M.  Homer  at  Zurich,  lead 
to  the  same  result.  I  here  give  a  series  of  horary  observa- 
tions corresponding  to  those  of  Zurich,  and  made  by  myself 
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on  the  Bigi,  and  on  the  Faulhorn ;  the  observations  of  the 
hours  10  and  17  were  found  by  interpolation.* 

*  The  obsenrations  made  in  1841  and  1842  by  MM.  Bbayau,  WACHammi, 
Pkltisb,  and  royaelf,  on  the  Faalhom,  anign  to  the  barometric  variation  a 
diurnal  range,  differing  in  many  respects  firom  that  obtained  by  the  author 
on  the  same  mountain.  In  order  that  the  reader  may  compare,  at  a  glance, 
theee  seTeral  series  of  obserrations,  wo  will  give  the  table  of  them,  as  con- 
structed by  M.  Bbavais.  The  numbers  followed  by  two  points  (:)  were 
obtained  by  interpolation. 

DIUSNAL  VAJUATIOV  OP  THJi  BABOKETEE  ON  THB  FAULHOBN. 


Hours. 

KAX1CT2. 

1832. 

KABMXaS. 

1833. 

BBAVAU 

and 

MABTIirS. 

1841. 

WACHSKOTH. 
1841. 

PXLTIEB 

and 

BBAVAI8. 
1842. 

General 
Mean. 

0 
9 
4 

6 
8 
10 
12 
14 
16 
18 
SO 
22 

mm. 
557,88 
557,66 
557,50 
557,51 
557,42 
567,41 
557,29: 
557,07: 
556,89: 
557.04 
557,37 
557,88 

mm. 
551,02 
551,13 
551.14 
551,20 
.551,39 
551,32 
551,10: 
550,70: 
550,44: 
550,44 
550.62 
550,92 

mm. 
553,16 
653,28  C 
553,30  1 
553,30 
553,40  C 
558,53  1 
553.32 
562,98  r 
552,78  I 
552,63 
552,74  5" 
552,01  I 

556,14 
556,09 

at  3h. 

566,01 

556,22 

at  9h. 
556,27; 
555,90: 

at  15  h. 
555,62 
555,86 

at21h. 

mm. 

556,42 
1556,49 
5556,54 

556,44 
1556,58 
5556,64 

556,41 
1556,06 
5556,90 

555,84 
1555,98 
5556,27 

mm. 
554,98 
554,98 
554,91 
554,89 
554,99 
555,03 
554,88 
554,57 
554,36 
554,81 
554,50 
554,81 

(Vide  Appendix, Jl^.  35.) 

The  first  of  these  five  series  of  obserrations  does  not  accord  with  the 
following  four ;  the  latter  agree  with  each  other,  and  establish  the  existence 
of  a  maximum  about  10  p.m.,  and  a  mMimum  about  6  a.k.  ;  it  appears, 
moreover,  that  the  maxtmum  of  10  a.m.  has  receded  to  three  in  the  evening; 
and  the  mmimttm  that  follows  it  about  5  p.m.  is  very  feeble ;  the  slightest 
disturbance  is  sufficient  to  cause  this  retrograde  range  of  the  barometer 
to  disappear.  As  the  last  four  series  are  based  on  106  days  of  observationa 
made  under  varied  circumntances,  while  the  former  series  is  the  mean  of 
twenty-five  days,  we  must  place  less  confidence  in  this  series.  Moreover, 
the  general  mean  of  the  five  series,  such  as  we  give  it  in  the  last  column, 
cannot  be  very  far  ttxan  the  truth .  New  observations  are  necessary  in  order 
to  dissipate  all  the  doubts  that  may  remain  as  to  the  reality  of  the  fUl  of  the 
barometer  between  3  and  5  p.m.,  at  a  vertical  height  of  2700  metres  above 
the  level  of  th9  sea.— M. 
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mUKSJkJL  TASIAnOH  OP  THB  BABOMBTKE  AT  VOTBEMMT 


DIFFBB* 

FAmL- 

DDTBK- 

zumiCH 

BIOI. 

SRCB8. 

ZURICH 

HOBH. 

BHCXS. 

H0UX8. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

720+ 

610+ 

100+ 

730+ 

550+ 

170+ 

Noon 

4,08 

4,36 

9,72 

1,58 

7,88 

3,70 

1 

3^ 

4,37 

9,57 

1,25 

7,75 

3,50 

2 

3,82 

4,38 

9,44 

0,99 

7,66 

3,33 

3 

3,72 

4,34 

9,38 

0,71 

7,59 

3,13 

4 

3,63 

4,34 

9,30 

0,64 

7,50 

3,15 

5 

3,61 

4,30 

9,31 

0,76 

7,49 

3,27 

6 

3,76 

4,38 

9,38 

0,92 

7,51 

3,41 

7 

3,95 

4,40 

9,57 

1.21 

7,41 

3,80 

8 

4,22 

4,57 

9,87 

1,52 

7,43 

4,10 

9 

4,55 

4,70 

9,85 

1,72 

7,44 

4,27 

10 

4,61 

4,72 

9,90 

1,79 

7,41 

4,89 

11 

4,68 

4,68 

10,00 

1,77 

7,36 

4,41 

Midnight 

4,58 

4,58 

10,01 

1,72 

7,28 

4,44 

13 

4,43 

4,45 

9,99 

1,63 

7,19 

4,45 

14 

4,28 

4,30 

9,98 

1,54 

7,08 

4,47 

15 

4,19 

4,17 

10,03 

1,51 

6,96 

4,55 

16 

4,18 

4,09 

10,10 

1,54 

6,90 

4,65 

17 

4,25 

4,03 

10,23 

1,66 

6,90 

4,76 

18 

4,31 

4,03 

10,28 

1,79 

7,05 

4,76 

19 

4,38 

4,05 

10,33 

1,97 

7,16 

4,80 

20 

4,41 

4,13 

10,28 

2,13 

7,36 

4,77 

21 

4,38 

4,16 

10,22 

2,20 

7,62 

4,57 

22 

4,29 

4,23 

10,06 

2,12 

7,89 

4,24 

23 

4,19 

4,34 

9,86 

1,87 

7,99 

3,97 

(Vide  Appendix,;^.  26.) 

These  correspondent  observations  shew  that  the  laws  of 
diurnal  variation  change  as  we  ascend  in  the  atmosphere. 
At  Zurich,  the  barometer  falls  from  mid-day  to  5  p.m.  ;  we 
find  an  analogous  change  on  the  Rigi;  but  the  oscillations  are 
smaller,  and  the  difference  between  the  two  barometers  con- 
tinues diminishing,  and  attains  its  maxinuan  between  three 
and  four  o*clock ;  the  two  barometers  then  rise,  but  that  of 
Zurich  much  more  than  that  of  the  Rigi,  and  the  difference 
between  the  two  barometers  increases.    During  the  night 
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the  atmoflpheric  presBiire  diminiahes  unifonnly  at  the  two 
stations,  and  the  difference  between  the  two  barometers  re* 
mains  constant.  However,  the  morning  minimum  falls  at 
Zurich  between  three  and  four  o*clock,  and  on  the  Bigi  be- 
tween five  and  six :  the  barometer  then  rises  much  more  at 
Zurich  than  on  the  Rigi;  at  Zurich,  the  maximum  is  at 
about  eight  o'clock  in  the  morning ;  on  the  Rigi  the  column 
rises  unmterruptedly  until  about  mid-day.  The  corre- 
spondinff  observations  at  the  Faulhom  lead  to  the  same  re* 
suits ;  the  tropical  hours  differ ;  and  while,  in  the  evening, 
the  difference  oetween  the  two  barometers  of  the  mountam 
and  the  valley  is  17d>BB,02,  it  is  174'>">,82  in  the  morning. 

In  order  to  appreciate  the  influence  of  heicht,  let  us 
still  consider  the  mean  barometric  oscillation;  let  us  look 
for  the  two  minima  and  the  two  maxima  of  Zurich,  and  de- 
duct the  mean  minimum  from  the  mean  maximum.  Let  us 
then  consider  what  was  the  barometric  height  of  the  upper 
station  at  the  tropical  hours  of  the  lower,  and  subtract  the 
mean  from  the  hour  of  the  maxima.  The  correspondents  <k 
Zurich  and  the  Faulhom  will  serve  us  to  construct  the  fol- 
lowing table : — 

HOUBS  OF  THE   SICALLEST  AHB  GKBATEST  HEIGHT   OF  THE 
BABOMETSB  AT  ZVBICH  AND  OH  THE  BIGI. 


BABOMBTBIC 

HOUBS. 

ZUBICH. 

BIOI. 

HEIGHT, 

Minimum    . 

4»»,38 

723,62 

614,31 

Maximum  . 

10,70 

724,68 

614,71 

Minimum   . 

15,53 

724,18 

614,03 

Maximum  . 

19,67 

724,41 

614,10 

At  Zurich,  the  difference  between  the  mean  maxima  and 
minima  is  0»",644 ;  on  the  Rigi,  it  is  only  0"»",237.  Simul- 
taneous observations  at  Greneva  and  Zurich  give  us  the 
mean  diurnal  osdllation,  0^'",897 ;  whilst  on  the  Faulhom 
the  corresponding  difference  was  only  0*>'',268.  Thus,  at  a 
certain  elevation  above  the  level  of  the  sea,  the  diurnal 
oscillation  would  be  null.  In  1833,  during  my  stav  on  the 
Faulhom,  the  weather  was  constantly  very  bad ;  tne  mean 
diurnal  osdllation  at  Berne,  Basle,  Geneva,  and  Zurich, 
was  0"*,656 ;  on  the  Faulhom,  the  corresponding  difference 
was  0"",178 :  whilst,  in  the  plaia,  the  barometer  fell  from 
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the  maximum  of  nine  o^clock  in  the  morning,  to  the  minimian 
of  three  oVlock  in  the  evening,  about  0"n,68 ;  it  ruse  on 
the  Faulhom  from  ^^O^^^SS  to  551  """,12,  that  is,  about 
0"B,29;  thus,  then^  the  phenomenon  was  the  reverse  on 
the  mountain.  Whilst  on  the  plain  the  barometer  gene- 
rally falls  during  the  day,  it  does  the  contrary  on  an  ele- 
vated summit. 

If  we  examine  the  mean  diurnal  oscillation  at  dififerent 
points  of  the  terrestrial  surface,  we  shall  have  a  correction 
to  make  in  order  to  reduce  these  points  to  the  level  of  the 
sea.  The  observations  made  on  the  Alps  supply  us  with  the 
elements  of  this  correction.  Let  us  admit  tnat  on  the  sea- 
shore the  barometer  is  at  761">"',33 ;  let  D  be  the  mean 
oscillation :  let  us  ascend  without  changing  latitude,  and 
suppose  that  the  barometer  is  at  b  millimetres  below 
761"*°',35,  the  diurnal  variation  will  be  d,  and  we  shall  have 
the  equation 

rf=D  — a.ft. 

a  being  a  coefficient  to  be  determined  bv  observation,  the 
series  made  in  1832  on  the  Bigi,  compared  with  that  of  Zu- 
rich, gives  us  the  value  of  a 

a  zz  0,003694 ; 

that  made  in  1833  on  the  same  summit,  compared  with  those 
of  Basle,  Berne,  and  Zurich,  gives 

a  zz  0,003986 ; 

that  of  the  Faulhom,  in  1832,  compared  with  Geneva  and 
Zurich,  gives 

a  =  0,003674 ; 

finally,  the  series  of  1833  on  the  same  mountain,  compared 
with  those  of  Basle,  Berne,  Geneva,  and  Zurich,  gives 

a  =  0,002758 ; 

a  series  made  by  Buckwalder  on  the  Sentis,  and  by  Homer 
at  Zurich, 

0  =  0,003630; 

the  observations  of  de  Sanssore  on  the  Col  du  Greant,  com- 
pared with  those  of  Greneva  and  Chaumouni, 

a  =z  0,004053 ; 

those  made  in  the  winter  by  Bachmatm  on  the  Rigii  corre- 
spondmg  to  those  at  Zurich,  give 

a  zz  0,002856 ; 
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We  admit  that  in  the  Alps  the  valne  of  this  coefficient  is 

a  =  0,003507. 

From  a  comparison  of  series  made  at  Halle,  Dresden,  Jena* 
Prague,  Zittau,  Crotha,  Freyberg,  and  Altenberg,  we  de* 
dnce 

a  =  0,003628 ; 

those  of  many  points  in  tropical  America  give 

a  =  0,002441. 

we  shall  therefore  adopt  the  mean  of  all  these  values, 
namely, 

a  =  0,003413. 

Thus,  then,  in  order  to  reduce  the  diurnal  observations  to 
the  level  of  the  sea,  we  shall  first  seek  the  difference  between 
the  mean  maxima  and  minima ;  we  then  multiply  the  num- 
ber of  millimetres  which  the  barometer  is  below  761 '""■,35 
by  0,003413,  and  we  add  this  product  to  the  difference 
found.* 

MBAN    DIURNAIi    VARIATION    AT    DIFFERENT 

laATiTUDEB. — The  following  table  gives  the  size  of  the 

*  The  process  employed  by  the  author,  for  correcting  the  ralue  of  the 
dinrnftl  oecilbttion,  does  not  appear  to  be  entirely  free  from  objection :  d  la 
the  diurnal  variation  on  the  mountain,  and  D  the  diurnal  yanation  on  the 
aea-shore ;  let  us,  in  addition,  take  H  for  the  mean  height  of  the  barometer 
on  the  mountain,  expressed  In  millimetres.  M.  Kasmts  establishes  the  fol- 
lowing relation  :— 

d  =  D  -  0,008413  (760  —  H). 

The  factor  (760  -  H)  Is  represented  by  &  in  M.  Kaemtz's  calculation. 
Bat  what  do  d  and  D  represent  ?  We  must  not  mistake  this:  these  quanti- 
ttes  represent  the  mean  rise  from  4  to  10  o'clock,  tn  the  hl^er  and  lower 
stations.  Take,  for  example,  the  barometric  observations  at  the  Faulhom 
(vide  the  table  in  the  preceding  note) ;  we  hare 

554,81  +  655,03        554,91  +  554,36 

d  = =  0'",a85 

S  2 

760  -  H  =  S05  -•. 
Therefore  D  =  0,285  +  0,70  =  0^,965. 

This  Is  the  value  of  the  o$ciUatUm  at  the  $ea-»hore,  deduced  from  the  for- 
mula. But,  instead  of  operating  thus,  ML  KxEirrz  takes  for  the  value  of  d 
the  excess  of  the  mean  majrimum  over  the  mean  fiuitrmwii;  so  that,  in  the 
case  before  us,  according  to  M.  Kasmtx's  rule,  we  should  have  found 

554.93  -I-  555.05        554,89  -I-  554.S9 
d  = =  Oi— .40. 

3  a 

Whence  D  =  0,40  +  0.70  =  1*«,10. 
Thus,  after  all,  if  we  wish  to  onploy  the  mode  of  reduction  propoeed  bj 
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mean  diurnal  oscillation  deduced  from  a  greater  or  less 
number  of  observations.  The  second  column  indicates  the 
latitude ;  the  third,  the  mean  height  of  the  barometer ;  the 
fourth,  the  observed  diurnal  variation ;  the  fifth,  the  diurnal 
variation  reduced  to  the  level  of  the  sea,  from  the  formula 
that  we  have  given. 

M.  Kaxhtz,  and  the  ooeffldent  0,003418,  we  must  meamre  the  mean  bero- 
metrio  oscillation  by  using  the  fixed  terms  4h.  lOh.  16h.  and  93h.,  erea 
though  these  terms  should  not  exactly  coincide  with  the  epochs  of  miuima 
mad  minima. 

We  should  remark  that,  by  thus  meMuring  the  mean  oscillation,  the  value 
obtained  may  be  any  thing  but  an  exact  representation  of  the  amplitude  of 
the  curve  of  diurnal  variation.  Let  us,  indeed,  conceive  that,  by  some  cause 
or  other,  the  primitive  curve,  the  epochs  of  whose  maxima  and  mhUma  coin- 
cide with  the  hours  4, 10,  16,  and  23,  is  displaced  without  changing  its  form 
and  sixe,  and  retrogradee  three  hours,  the  maxima  now  occurring  at  7h.  and 
19h.,  and  the  minima  at  Ih.  and  13h.  It  will  follow  that,  at  the  interme- 
diate hours,  4,  10, 16,  and  *2a,  the  barometer  will  be  somewhat  nearer  its 
mean  state ;  the  four  relative  readings  at  these  hours  will  be  the  same,  and 
the  quantity  d,  deduced  firom  the  comparison  of  the  fixed  terms  4, 10,  16,  and 
S9,  will  become  nou|^t.  Tet  the  amplitude  of  the  curve  will  not  have 
changed ;  there  will  merely  have  been  a  dlmlacement  at  the  critical  hours. 

So  that  the  employment  of  fixed  terms  is  insuflBcient  to  enable  us  to  ap> 
preciate  the  true  amplitude,  by  calling  M  the  first  maximum;  M'  the  second 
maximmn;  m  the  first  mtnammi;  nr  the  second  minimmm.  The  quanti^ 
repreeented  by  the  fimnulai 


fulfils  these  conditions  much  better ;  but  it  Is  defoctlve  when  the  mintmun 
of  4  P.M.  so  approaches  the  preceding  maximum  Uiat  their  existence  is  ren- 
dered problematical ;  this  happens  in  our  climates  at  an  elevation  of  3000 
metres  above  the  sea. 

This  inconvenience  might  be  obviated  by  agreeing  to  compare  the  maxt' 
mum  of  10  P.M.  with  the  mimimmn  that  occurs  between  3  and  6  a.m.,  and 
casting  aside  the  other  two  epochs.  BL  A.  Beavajs  proposed  {JoumtU  de 
rjMmtutt  annie  1843,  p.  809)  to  measure  the  mean  ampHtude  of  the  diumal 
variation  of  a  given  place,  by  taking  the  mean  of  the  squares  of  the  differ- 
ences between  the  varliJ>le  hourly  readings,  and  the  mean  reading  that  is 
oonstant :  this  amplitude  is  then  made  equid  to  the  souare  root  of  this  mean. 
By  operating  thus,  we  find,  at  about  the  46th  degree  <»  latitude. 

At  400  metNS  above  the  sea     tf  =  Om^¥i 
8700       ,.  H  if"=0— ,28. 

And  the  fbrmula  that  will  express  the  ezthnetion  of  the  ampUtode,  as  we  as- 
cend, will  be 

<f  =  D  -  0,0007  C760-.H). 

In  the  same  manner  we  might  put  into  a  formula  the  law  according  to 
which  the  m^n  attqUiiude  of  the  diurnal  thermometrlc  variation  decreafea 
aa  the  obeerver  aaoenda  above  the  level  of  the  sea.-— M. 


DinBnAb  oaciu^TtOH. 


Lima      .    .    . 

12"  3'  S. 

741,72 

2,71 

2,78 

C«sccw     .     . 

10  31   N. 

681,94 

2,17 

2,44 

P.yt*     .     .    . 

5    6  S. 

737,96 

2,08 

2,08 

Sta.F^de  Bogota 

4  36  N. 

759,90 

2,01 

2,69 

Itagu*    .    .    . 

4  28 

658,70 

1,92 

2,27 

Popayan     .    . 

2  26 

618,10 

1,93 

2,41 

LaGuayr*      . 

10  36 

769,31 

1,89 

1,90 

CaJcntta      .    . 

22  as 

758,86 

1,84 

1,85 

CalUo    .    .    . 

12    3  S. 

759,76 

1,84 

1,84 

Curaana      .    . 

10  38  N. 

766,15 

1,78 

1,80 

Great  Ocean    . 

0    0 

1,71 

1,71 

Rio-Janeiro    . 

22  94  S. 

76^96 

1,70 

1,70 

Chittiedroog    . 

14  11  N. 

693,02 

1,65 

1,80 

Tahiti    .    .    . 

17  29  S. 

761,34 

1,64 

1,64 

Mexico  .    .    . 

19  26  N. 

563,13 

1,59 

2,20 

Great  Oc«m    . 

16    0  S. 

1,55 

1,33 

Sierra  Leone  . 

8  30  N. 

754,34 

1,65 

1,57 

Cuio      .    .    . 

30    2 

757,28 

];54 

1,33 

Quito     .    .    . 

0  IS  S. 

563,81 

1,48 

2,19 

Great  Oeean   . 

18    0  N. 

1,45 

1,45 

Antiaana     .    . 

0  33 

476'34 

1,26 

2,25 

Rome     .    .    . 

41  M 

531,24 

0,98 

1,00 

Bade      .    .    . 

47  34 

738,79 

0,84 

0,92 

Viriera.    .    . 

44  29 

755,47 

0,84 

8,86 

Branela      .    . 

SO  SO 

757,06 

0,80 

0,81 

Oermont    .    . 

4S  27 

727,96 

0,77 

0,82 

Milan     .    .    . 

45  28 

7S2,09 

0,73 

0,78 

Coire      .    .    . 

46  SI 

711,04 

0,71 

0,88 

rrankfort-on-the 
Maine     .    . 

l' 

SO     8 

752,47 

0,71 

0,74 

Anutadt 

aOBO 

734,40 

0,67 

0,76 

Heidelberg      . 

49  25 

756,84 

0,63 

0,63 

49  29 

750,74 

0,68 

0,61 

Pari*      .    .    . 

48  00 

756,61 

0,55 

0,56 

200 


WnCBT  OF 


Pngme 

Padua 

HaUe 

Dresden 

Gotha 

Zittaa     . 

Manster 

Wctelar 

Apenrade 

Berlin 

Port  Famine 

Altenberg 

Freyberg 

Cracow  . 

Dantzie . 

Abo  .     . 

Edinbnrgh 

Koninsberg 

Petersburg 

Kasan  .  . 


59  55 

50  5 
45  24 

51  29 
51  7 
50  56 

50  52 

51  58 
50  32 
55     3 

52  33 

53  38  S. 
50  45  N. 
50  55 

50  4 

54  21 

60  27 

55  55 

54  42 
59  56 

55  48 


I  749,16 
757,96 
743^7 
756,84 
753,45 
744,42 
730,89 
739,91 
754,80 
743,75 
758,86 
758,63 
750,51 
695,69 
7-26,15 
742,38 
759,31 
759,55 
746,90 
760,88 
759,31 
758,19 


0,54 
0,52 

Oy51 

0,48 
0,47 
0,47 
0,45 
0,45 
0,43 
0,39 
0,36 
0,34 
0,34 
0,33 
0,31 
0,30 
0,29 
0,26 
0,21 
0,19 
0,13 
0,12 


I 


0,58 

0,52 

0,57 

051 

0,50 

Ov53 

0,55 

0,52 

0,45 

0,45 

0,37 

0,35 

0,34 

0,55 

0,42 

0,36 

0,30 

0,26 

0,26 

0,19 

0,14 

0,13 


This  table  shews  in  a  very  evident  manner  that  the  am- 
plitude of  the  oscillations  diminishes  as  we  recede  from  the 
equator.  Is  this  amplitude  the  same  on  the  sea-shore  and 
in  the  interior  of  continents?  The  series  hitherto  made  do 
not  enable  us  to  decide  this  question.  We  will  suppose,  for 
the  present,  that  the  variation  is  the  same  in  equal  latitudes 
and  neights  of  the  barometer;  if  we  examine  the  numbera 
reduced  to  the  level  of  the  sea,  which  are  found  in  the  last 
column,  and  if  we  deduce  from  them  the  law  of  diurnal 
variation  dependent  on  the  latitude,  we  shall  find  that  it  is 
2"*,28  at  the  equator,  and  that  it  becomes  for  different 
latitudes: — 


CAU8B8  OP  ALL  THE  BABOMETBIC  OSCILLATIOlfS.        261 


PIDBNAL  VABIATION  OF  THE  BABOMETEB  AT  DIFFEBEKT 

LATITUDES. 


LATITTIDE. 

YABIATIOn. 

mm. 

0°     C 

2,28 

5    26  N. 

2,26 

17   52 

2,03 

23   55 

1,80 

29   28 

1,58 

84  26 

1,35 

39     4 

1,13 

43  34 

0,90 

48      1 

0,67 

52  33 

0,45 

57    17 

0,23 

62   25 

0,00 

(^Vide  Appendix, ^^.  27.) 

Taking  any  one  of  these  values  as  a  starting-point,  we 
find  that  in  the  latitude  of  60°  or  70°  the  diumS  variation 
becomes  nuU ;  and,  on  approaching  still  closer  to  the  pole, 
the  expressions  of  the  mean  oscillation  become  negative : 
which  Haiistroem  had  already  confirmed  by  his  observa- 
tions. These  negative  quantities  signify  that  the  mean 
barometric  height  is  greater  at  four  than  at  ten  in  the  morn- 
ing and  evening.  In  their  voyages  to  the  pole,  the  English 
have  made  series  from  which  nothing  very  positive  can  be 
concluded,  their  observations  not  being  sufficiently  brought 
together.  However,  the  longest  series  of  all  those  made  by 
Tnrry  at  Port-Bowen,  73°  14'  north  latitude,  gives,  as  the 
diurnal  variation,  the  value  —  0""",273,  a  quantity  which 
does  not  greatly  differ  from  —  0"'»,384,  furnished  hj  calcu- 
lation. I  attach,  however,  but  little  importance  to  this  result, 
because  Purnr's  observations  leave  much  to  be  desired.* 


OAU8E8    or  Alali  THB   BAROMBTRIC  OSCIXiIaA- 

TION8. — There  exist  few  phenomena  on  which  so  many 

*  In  the  winter  lolstioe,  is  we  Adranoe  toward  the  north  pole,  we  see  the 
diurnal  Tariation  of  the  thermometer  dbninUh;  beyond  the  polar  circle 
there  ia  no  sensible  diminution ;  the  sun  does  not  appear  above  the  horlaon, 
and  the  night  becomes  continual.  The  diurnal  Tariation  of  the  barometer 
la  gradoally  destroyed  under  the  same  circumstances ;  but,  beyond  the  polar 
circle,  it  has  still  an  appreciable  value ;  and  It  is  to  be  believed,  that  it  does 
not  entirely  disappear,  except  at  the  pole  itself.    At  Bosekop.  under  the 
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hypotheses  have  heen  made  as  on  harometric  osciUations. 
If  the  barometer  is  high  and  the  weather  fine,  or  if  it  is 
low  and  it  rains,  the  instrument  is  said  to  have  predicted 
accurately  the  weather.  But  if,  while  the  barometer  is  hiffh, 
the  weather  remains  cloudy  or  rainy,  or  if  it  is  low  dunng 
fine  weather,  everpr  body  cnes  out  against  the  fidelity  of  this 
instrument ;  but  it  desenres  neither  the  praises  nor  the  re- 
proaches that  are  addressed  to  it.  The  barometer  indicates 
the  pressure  of  the  atmosphere ;  it  rises  or  falls  according  as 
it  increases  or  diminishes.  If  these  changes  for  the  most 
part  coincide  with  the  changes  in  the  weather,  it  does  not 
follow  that  they  are  intimately  connected  with  them ;  this 
coincidence  is  due  to  the  particular  position  of  the  European 
continent.  When  we  possess  obseryations  from  all  countries 
on  the  globe,  we  shall  see  that  they  are  a  phenomenon 
entirely  local. 

About  two  centuries  ago,  a  (xerman  philosopher,  named 
Sturm,  constructed  an  instrument  which  was  rescued  from 
obliyion  by  liesiie  and  Rmnford  j  it  is  the  differential  ther- 
mometer, which  indicates  the  difference  of  temperature  be- 

70th  degree  of  latitude,  the  forty  days  preceding  the  winter  lolstice,  combined 
with  the  tabaequent  forty  days,  gave  M.  Beayaxb  the  following  numbers  as 
the  mean  hourly  heights  of  the  barometer : — 

MXAH  BOITBLT  BABOMETBIC  HBIOBTS  AT  BOSEKOP,  IH  WIHTSa. 


■ouu. 

MOaWlKO. 

KVZHIHO. 

mm. 

0 

744,36 

744.38 

3 

744,34 

744,335 

4 

744/iS 

744,86 

6 

744,18 

744,31 

8 

744,M 

744,25 

10 

744,4S 

744,39 

The  law  of  these  numbers  is  almost  the  same  as  at  other  epochs  of  the 
year;  but  the  amplitnde  of  rariation  is  scarcely  equal  to  O^m^S.  ItlbUows 
that  the  polar  regions  also  participate  in  the  great  atmospheric  tide,  which, 
in  propsoatlng  itself  ttom  east  to  west  on  the  globe,  produoea  the  pheno- 
menon oidiunial  Tarlation. 

The  delay  of  about  two  houn,  which  the  epochs  ot  maxima  and  mMmia 
experience  in  their  arrival,  seem  to  prove  that  the  atmospheric  movements, 
then  nianiJiBStad  beyond  the  polar  circle,  would  be  the  rssolt  derived  flraan 
the  equatorial  atmospheric  wave,  the  northern  part  of  which,  in  moving 
along  the  polar  circle,  would  gradually  put  In  motion  the  ned^booring  aonee 
of  air,  and  would  ultimately  oommnniViat^^  to  them  its  progressive  march. 
It  does  not  appear  indispensable,  in  order  to  explain  this  periodic  moramentt 
to  admit  that  a  wave  would  go,  in  propagating  itself  ttma  the  equator 
toward  the  poles^  along  the  same  meridian.— M. 


CAUSES  OF  ALL  THS  BABOICBTBIC  OSCILLATIONS.       263 

tween  two  points  very  near  together.  Bend  a  tnbe,  fh>m  two 
to  four  miUunetres  in  diameter,  in  two  points  at  right  angles,  so 
that  it  shall  present  two  branches,  each  terminated  by  a  ball  two 
centimetres  in  diameter;  then  ponr  into  the  tube  a  few 
drops  of  coloured  liquid,  and  close  the  apparatus.  The 
small  columns  of  liqmd  will  separate  the  air  contained  in  the 
tube  into  two  parts;  if  the  temperature  of  the  imprisoned 
air  is  equal  on  both  eodes,  the  liquid  index  will  remain  in  the 
middle.  But  if  one  of  the  balls,  A,  is  heated  while  the  ball 
B  remains  at  the  same  temperature,  the  equilibrium  will  be 
broken,  the  air  contained  in  the  ball  A  will  expand,  and  the 
index  wiU  move  toward  the  side  of  the  bail  B.  The  result 
would  have  been  the  same  if  the  ball  B  had  been  cooled, 
while  the  ball  A  remained  at  the  original  temperature. 

The  barometer  is  greatly  analogous  to  this  differential 
thermometer ;  it  points  out  to  us  the  differences  of  tempera- 
ture between  two  places  situated  at  great  distances.  To 
understand  this,  let  us  recall  to  mind  what  was  said  respect- 
ing the  origin  of  winds  (p.  32) :  if  the  temperature  were 
umform  on  the  entire  surface  of  the  globe,  and  if  the  aerial 
strata  had  the  same  temperature,  the  aerial  ocean  would  be 
always  calm ;  there  would  never  be  any  currents ;  and,  at 
equal  heights,  the  atmospheric  pressure  would  be  every  where 
the  same.  But  as  soon  as  the  region  £F  (pi.  n^Jig.  1)  is 
more  heated,  while  the  regions  A  £  and  F  B  preserve  the 
same  temperature,  one  part  of  the  air  of  the  heated  countries 
passes  above  the  high  reffjons  of  the  atmosphere,  and  the 
cMirometer  must  fidl.  If  £  F  preserves  the  same  tempera- 
ture, while  A£  and  FB  are  cooled,  the  result  will  be  the 
same;  but  the  atmospheric  pressure  will  increase  in  the 
regions  A  £  and  F  B,  on  account  of  the  mass  of  air  coining 
from  £  F  that  is  added  to  that  pressing  on  them.  Thus,  in 
the  former  case,  the  barometer  will  fall  while  the  thermo- 
meter rises ;  in  the  latter,  the  barometer  will  rise  while  the 
thermometer  falls.  But  here  a^ain  is  produced  the  uncer- 
tainty which  we  pointed  out  m  respect  to  the  differen- 
tial thermometer ;  for,  while  £F  is  heated,  the  neighbouring 
countries  preserve  their  temperature,  the  barometer  faUs  in 
the  region£  F,  and  it  rises  in  the  spaces  A  £  and  F  B,  without 
their  temperature  chancing.  We  may,  therefore,  sum  up  these 
relations  by  saying :  When  the  barometer  faUs  in  a  country,  it 
is  because  (he  temperature  of  this  country  is  higher  than  that  of 
the  neighbouring  countries,  whether  because  it  ts  heated  direcUy 
or  because  these  countries  are  cooled;  on  the  contrary,  the  rise 
of  the  barometer  proves  that  this  country  becomes  colder  than 
those  which  surround  it. 
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In  order  completely  to  demonstrate  this  theory,  we  must 
have  correspondent  ol»ervations  at  a  great  number  of  points; 
but,  by  observing  the  barometer  and  thermometer  at  a  single 
station,  we  soon  see  that  the  thermometer  generally  rises 
when  the  barometer  falls.  To  discover  the  law,  we  need 
only  seek  how  much  the  thermometer  rises  or  falls,  when 
the  barometer  falls  or  rises  1,  2,  3°*™.  I  have  made  this 
calculation  for  a  great  many  localities;  and  the  following 
table  contains  the  results  obtained.  The  sign  -f  signifies 
that  the  instrument  rises ;  the  sign  —  that  it  falls. 

GOBRESPONDENT  INVERSE  OSCILLATIONS  OF  THB  BAROMETER 

AND  THERMOMETEB. 


OSCfTJ.ATION 

COBBESPONDENT  OSCILLATION  OF  THE 

OF  THE 
BABOMETEB. 

THEBMOHETEB. 

Bagdad. 

Buda. 

Cambridge. 

Eyafiord. 

mm. 

-1-22,56 

» 

,» 

»i 

—  8^85 

-1-18,05 

n 

,» 

1, 

—  5,99 

+  15,79 

»» 

»» 

— 6^53 

—  2,35 

+  13,54 

»» 

,» 

,? 

—  3,48 

-1-11,28 

^» 

— 3°,42 

—5,59 

—  2,88 

-h  9,02 

1, 

—2,55 

—3,19 

—  2,35 

+  6,77 

-3^92 

—1,76 

—1  ,86 

—  1  ,56 

+  4,51 

—  1  ,39 

—1  ,15 

-1  ,65 

—  1  ,00 

+  2,26 

—0,49 

—0,87 

-0,72 

—  0,74 

—  2,26 

-hO,69 

+0,51 

+0,42 

+  0,20 

—  4,51 

-t-0,84 

+0,68 

+1,94 

+  1,11 

—  6,77 

+  1,94 

+2,00 

+2,39 

+  1,64 

—  9,02 

»» 

+2,19 

+2,11 

+  2,56 

—11,28 

»i 

+  1,95 

+2,78 

+  3,58 

—13,54 

»» 

»» 

1, 

+  4,31 

—15,79 

M 

n 

+3,70 

+  5,64 

—18,05 

»» 

»» 

n 

+  7.00 

-22,56 

11 

n 

n 

+10  ,50 

_ 

— 

-  - 

-  — 

(Vide  Appendix,^.  28.) 

The  places  for  which  we  have  associated  the  results 
have  no  mutual  analogy.  Whilst  Buda  represents  the  cli- 
mate of  continental  Eurone ;  Bagdad,  that  of  the  Asiatic 
continent;  Cambridge,  in  Massachusets,  is  situated  on  the 
east  coast  of  America ;  and  Eyafiord,  in  the  island  of  Ice- 
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kmd.  Notwithstanding  these  differences  of  climate  and 
nositionY  the  law  is  venfied ;  and  the  ohservations  made  at 
bsnta  Fe  de  Bogota  hy  M.  Bousalnvaiilt  still  further  con- 
firm them.  Although  the  above  table  presents  very  many 
anomalies,  which  occur  because  the  meteorological  series  are 
too  short,  yet  the  antagonism  of  signs  is  apparent ;  and  we 
may  remark  that  the  thermometric  changes  are  greater  as 
the  barometric  oscillations  are  more  extended.  These  changes 
evenjpresenre  a  certain  proportionality  among  themselves.* 

We  mav  convince  ourselv^  especially  in  winter,  of  the 
accuracy  oi  this  law,  by  observing  tiie  barometer  for  several 
days.  However,  the  bnarometer  often  suddenly  falls  without 
the  thermometer  rising ;  but  then  we  may  be  sure  that  it  has 
fallen  in  the  neighbouring  countries. 

Add  to  this,  that  almost  all  meteorological  instruments, 
viz.  the  vane,  the  thermometer,  the  hysrometer,  only  in- 
dicate what  is  going  on  at  the  place  where  they  are  sta- 
tioned, l^us,  uthough  the  rise  of  the  thermometer  often 
proves  that  the  air  is  heated,  the  soil  can  sometimes  produce 
a  similar  effect  on  the  instrument.  The  difference  of  level 
between  Halle  and  the  summit  of  the  Brocken  gives  a  dif- 
ference of  temperature  of  about  4** ;  and  yet,  in  the  severe 
winter  of  1837-8,  we  often  saw  that  the  thermometer  of  the 
Brocken  was  6^  or  12""  higher  than  that  of  Halle.  All  the 
other  instruments  present  similar  indications,  which  fre- 
quently would  cease  to  be  the  same  at  50  metres  apart; 

*  Th«  m$X  chMiirai  of  temperfttare  are  generally  produced  by  changes 
In  the  wind  $  and  as  the  latter  have  a  marked  Influenoe  o?er  the  barometer, 
we  see  beforehand  that  the  rarlation  of  the  two  Instruments  cannot  be  in- 
dependent of  each  other.  If,  therefore,  we  compare  together  the  barometric 
and  thermometric  card  of  winds  in  a  certain  locality  on  ttie  globe,  we  may 
Infor,  tqi  to  a  eertafm  point,  the  relations  which  in  this  place  connect  the 
■tmnltaneons  obsenrations  of  temperature  and  pressure.  This  comparison  is 
nnerally  very  fovourable  to  the  law  of  invene  oieflkMoruj  the  winds  that 
depress  the  barometer  make  the  thermometer  rise ;  those  which  produce 
the  high  state  of  the  barometric  column  i^tc.  at  the  same  time,  the  lowest 
mean  temperature. 

Bat  it  is  not  always  so:  In  certain  places  on  the  globe,  the  action  of  the 
winds  Is  different.  The  observations  made  near  the  North  Capo  by  the  hy- 
iMmatiDg  members  of  tiie  Commission  of  the  North,  and  calculated  by  M. 
Bbatais,  ftiniish  as  with  a  proof  of  this.  When  the  W.N.A^' .  or  the  north 
wind  replaces  the  east  or  Um  8.E.,  blowing  with  a  certain  force,  the  baro- 
meter commences  to  rise  at  the  rate  of  0*«,i5  per  hour,  and  the  thermo- 
meter ezperlenoea  a  oorreqwnding  change  of  -f0^i76,  at  least  for  the  first  six 
or  twelve  hours.  If  the  west  or  8.W.  winds  had  replaced  these  same  east  or 
8.E.  winds,  the  results  would  have  been  somewhat  dHferent;  the  mean 
hourly  rise  of  the  barometer  would  have  been  equal  to  0"«,  17,  and  that  of  the 
thennometer  equal  to  0^^. 

In  the  case  oefore  us,  the  law  qfvariatiomi  tm  a  ooiUrarff  direeUom  has  to 
contend  against  an  Influence  unfoTourable  to  It, — that  produced  by  the 
diangee  of  winds.  But,  on  the  other  hand,  there  may  be  great  changes  In 
the  barometer  and  thermometer  without  the  wind  changing ;  and  it  remalna 
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the  barometer  indicates  the  mean  preflsare  of  the  atmosphere 
as  fiu:  as  its  limits,  and  points  out  tne  mptares  of  equilibriiim 
in  the  temperature.  If  we  had  an  instrument  tnat  could 
indicate  to  us  the  changes  in  the  temperature  of  the  higher 
regions  of  the  air,  a  multitude  of  anomalies  would  be  ex* 

edned :  we  even  see  this,  when  we  know  the  changes  that 
ve  taken  place  at  a  point  situated  1000  or  1200  metres 
over  head. 

The  following  table  shews  how  the  ran^  of  temperature 
may  differ  in  ihe  plain  and  on  a  mountam.  At  tne  com- 
mencement of  Noyember  1838,  the  weather  was  very  va- 
riable at  Halle;  on  the  18th,  snow  fell;  and  the  east  wind 
made  the  thermometer  fall  below  zero ;  the  barometer  was 
low,  and  the  sky  cloudy.  I  here  give  the  observations  of 
6  JLM.  and  2  and  10  p.m.,  and  also  the  Quantity  of  milli- 
metres that  the  instrument  rose  (+)  or  fell  (^— >).  For  the 
Brocken,  I  merely  give  the  thermometric  mmcations,  as 
they  were  collected  with  great  care  by  M.  Nehse,  the 
innceeper : — 


fbrns to levn  whether  M.  KASVTs'f  law !■  Torifled  in  this  oeae.  Thli 
taalU  takes  place ;  and  deflnitirely,  but  for  certain  exceptions  due  to  the 
paucity  of  obtervationa,  or  to  too  great  a  part  of  the  action  ejcerdsed  by  the 
changes  of  the  wind.  The  obsenrations  of  the  French  Commisdon  in  Fin- 
mark,  during  the  six  winter  nwnths  of  18a8-9,  rerify  the  law  of  the  anta^ 
gonism  of  the  ranges.  Thus,  on  placing  in  Uie  flnt  column  the  diurnal 
oliange  in  the  barometer  firoaia  one  minute  to  another,  and  in  the  neigh^ 
bonrmg  column  the  oorreepoadlDg  mem  ehanges  ejcperienoed  by  the  ther* 
mometer,  we  find, 

IHYBSX  KANOB  Or  THX  BAaOMXTSa  AMD  THSBKOKtTBB. 


nxUBWAL  CHAirOB  OP 

Barometer. 

Thermometer. 

mm. 
+6 
+3 
0 
-3 
-6 

-0»,65 
-0,82 
-0,89 
+  1,41 
+0,62 

Beyond  these  limits,  the  antagonism  is  suUect  to  more  numeroos  «x* 
ceptions,  while  large  and  mddeu  variations  in  the  barometer  genenUy 
suppose  a  change  of  wind. — M.  ^^ 
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From  the  23d  to  the  26th,  the  barometer  constantly 
roee  at  Halle.  The  sky  was  oyercast ;  the  wind  blew  from 
the  west,  and,  at  the  same  time,  the  thermometer  fell.  We 
find  no  exception  to  this  rule,  except  at  two  o^dock  on  the 
25th  and  26th,  when  the  thermometer  is  higher  by  0°,3 
than  at  two  o*clock  on  the  24th ;  but  this  is  because  the 
sun  at  last  was  able  to  pierce  the  clouds,  and  make  the 
thermometer  rise.  From  the  27th  to  the  29th,  the  atmo- 
spheric pressure  diminishes,  and  the  heat  increases;  how- 
ever, on  the  27th,  and  on  the  morning  of  the  28th,  there  is 
a  remarkable  exception,  for  the  cold  increased ;  but  the  sky 
was  purer  and  more  serene  during  this  period  than  we  are 
accustomed  to  see  it  during  this  season;  the  cooling  was 
due  to  the  intensity  of  radiation.  The  south  wind  prevailed 
in  the  higher  regions  of  the  atmosphere ;  and  the  tempera- 
ture did  not  &11  so  sensibly  on  the  Brocken  as  at  Halle. 
Furthermore,  on  the  morning  of  the  28th,  when  it  attained 
its  mtnimum  at  Halle,  the  thermometer  was  6°  higher  on  the 
Brocken;  the  radiation  was  probably  less  intense  on  the 
mountain,  and  the  south  wind  raised  the  temperature. 

I  might  cite  a  great  number  of  similar  examples.  If  the 
barometer  oscillates  much  without  the  temperature  changing, 
the  reason  must  be  sought  for  in  countries  that  are  far  dis- 
tant :  such  a  sudden  variation  in  Europe  may  be  explained 
by  great  ruptures  of  equilibrium,  of  wnich  the  point  of  de- 
parture may  be  found  in  the  centre  of  the  Asiatic  or  Ame- 
lican  continent.* 

CAUSE  OF  THE  DIURNAXa  VARIATIONS  OP  THE 

BAROMETER. — If  it  is  difficult  to  explain  the  irregular 
variations  of  the  barometer,  it  is  still  more  so  to  give  an 
account  of  its  daily  oscillations.  Some  philosophers  have 
admitted  an  attraction  of  the  sun  or  moon,  which  would 
determine  atmospheric  tides  analogous  to  those  of  the  sea. 
Although  these  two  phenomena  have  a  certain  relative 
analogy,  they  sometimes  present  such  differences,  that  the 
same  explanation  cannot  be  applied  to  them;  for,  if  we 
admit  a  lunar  attraction,  the  moment  of  the  nuunmiim  ought 
to  vary  with  the  position  of  the  moon  in  relation  to  the 
meridian,  as  is  observed  with  tides.  Nothing  similar  occurs 
in  the  atmosphere. 

It  is  probable  that  this  phenomenon  is  due  to  the  calorific 

•  Our  readen,  who  may  dadre  to  know  tho  dArelopMnenta  of  M.  Kasmtb's 
Iheory,  will  And  th«m  in  M.  BcHuiiACHSBli  Annuaire  Ibr  1841,  under  the  title, 
i/eber  den  Zutomntenkang  zwHeken  Lt^tdmek  mud  Wimdriehhmg.  We  have 
already  extracted  from  this  memoir  the  ooneideratlona  of  the  ^ea  of  tem- 
poracy  cold.    ( Vide  p.  16S,  note.)— H. 
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Ketion  of  the  sun ;  Beovner  suspected  it,  and  lAplace  and 
RaiDond  have  admitted  this  explanation.  Indeed,  so  long 
as  the  sun  is  in  our  meridian,  it  heats  the  portion  of  the 
terrestrial  globe  situated  between  the  places  at  which  it  sets 
and  those  at  which  it  rises  at  that  moment.  This  heating  is 
very  marked,  especially  between  the  meridians  indicatmg 
9  A  jc  and  3  f.m.,  while  the  sun  indicates  to  us  mid-dajr. 
In  this  interval  the  air  expands,  asoends,  and  passes  into  the 
neighbouring  regions,  and  the  barometer  falls ;  but  it  rises, 
on  the  contrary,  under  the  weight  of  the  masses  of  air  that 
pass  between  the  meridians  of  nine  and  three  o^clock,  and 
then  from  5^  to  21'^  (9  a.m.).  In  the  last  oi  these  spaces  the 
atmosphere  is  less  elevated,  because  the  nocturnal  influence 
18  not  yet  destroyed,  and  the  air  passes  above  it.  At  five 
o'clock  the  air  cools,  because  the  heat  of  the  day  has  passed 
away;  this  movement  is  thus  propagated  from  one  country 
to  another.  The  barometer,  therefore.  Mis  between  9  a.m. 
and  4  P.M.,  because  the  heat  of  the  day  has  diminished  the 
density  of  the  atmon>here,  the  height  of  which  is  less  by  the 
entire  thickness  of  the  strata  that  nave  passed  away  toward 
the  neighbouring  region ;  hence  arise  the  two  daily  maxima 
and  minima.  With  regard  to  the  morning  miVaVimm,  it  is 
followed,  at  the  east  of  the  place  where  it  occurs,  by  a 
mimmtm  of  tempeniture,  and  a  part  of  th«  air  of  the  west 
countries  passes  on  this  side;  and  hence  arises  the  fall  in 
the  barometer. 

The  influence  of  the  seasons  on  the  phenomenon  is 
easily  explained  in  the  same  manner.  As  soon  as  the  days 
of  spring  become  longer,  the  minimum  of  morning  temper- 
ature occurs  earlier,  the  barometric  minimum  also  approaches 
toward  midnight.  In  sununer,  when  the  differences  of 
temperature  are  greater,  the  diurnal  variation  is  also 
greater. 

We  cannot  deny  that  more  than  one  difficulty  remains 
to  be  resolved.  We  could  not  explain  the  increase  of  oscil- 
latory amplitude,  as  we  recede  from  the  equator,  when  the 
differences  of  the  extremes  of  temperature  are  not  greater 
at  a  mean  than  in  higher  latitudes,  unless  we  admit,  with 
Daaiall,  that  the  air  not  only  passes  away  in  a  direction 
perpendicular  to  the  meridian,  but  also  parallel  to  it,  as 
from  the  equator  to  the  pole.  It  is  probable  also  that  the 
amplitude  of  oscillation  must  be  more  feeble  in  the  open 
aea  than  on  the  continents,  where  the  extremes  of  temper- 
ature are  more  marked.  The  very  few  observations  that  we 
possess,  made  within  the  tropics,  seem  to  confirm  this  hypo- 
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thesif,  whilst  thoee  that  have  heen  collected  in  higher  lati- 
tudes are  not  fiivourable  to  it* 

M.  DoT«  has  assigned  another  cause  to  these  variations ; 
th«  pressure  of  the  atmosphere  on  the  barometer  being  equal 
to  the  sum  of  the  pressures  of  the  dry  air  and  the  yapour  of 
water,  the  barometric  oolunm  is  composed,  so  to  speak,  of 
two  piarts ;  one  corresponding  to  the  air,  the  other  to  the 
Tapour  of  water.  Now,  when  the  temperature  rises,  the 
density  of  the  air  diminishes,  but  the  tension  of  the  Tapour 
increases ;  and  it  is  not  easy  to  determine  the  relations  that 
exist  between  the  diurnal  variations  of  the  thermometer  and 
barometer,  by  including  each  of  these  two  influences.  To 
obtain  this,  M.  Dove  has  analysed  the  observations  made  by 
Keaber  at  Apenrade  with  one  of  Daniell's  hygrometers ; 
he  has  calculated  the  tension  of  vapour  for  eadi  hour  of 
the  day,  and  has  subtracted  it  from  the  barometric  columns ; 
he  also  obtained  the  pressure  of  dry  air,  and  saw  that  there 
was  one  diurnal  maximum  and  minimum.  In  the  following 
table  I  give  the  results  obtained  by  M.  Dor*,  and  refer 
to  his  memoir  for  the  rest  {Annates  de  Poggendorffy 
t.  zxii.  p.  231). 

*  Captain  Lakabcbs  haTlng  sent  to  the  Academy  three  large  tables  <tf 
meteorological  obsenrations  that  he  made  at  Cherbourg  In  1838,  18S9,  and 
1840,  M.  Akaoo  found  the  conflrmaUon  of  a  remark  that  he  had  long  ilnce 
made  on  the  influence  of  the  sea,  which,  by  its  Ticini^,  weakeni  the  ampU- 
tnde  of  the  diurnal  deaoendlng  barometric  period  that  ia  manifested  at  9  a.m. 
and  8  P.M.  Nothing  is  better  suited  to  render  this  influence  evident  than 
the  comparleon  of  the  observations  at  Toulouse  with  thoee  at  MarseUles. 

At  Toulouse,  in  north  latitude  43*  36',  the  mercurial  column  fklls  1*^, 
firom  morning  tiU  afternoon. 

At  BfarseUles,  43*  17'.  0"«,8. 

At  Cherbourg,  49°  38%  according  to  three  yean  of  obeerratkm,  0"«,4. 

At  Paris,  latitude  48°  JW,  trvax  &e  summary  of  obsenrations,  0"*s8. 

At  La  Chapelle,  near  Dieppe,  49°  68^,  M.  Nell  ds  "Rxkhxnk  found  only 
<N*,36.  All  these  results  are  fkvourable  to  M.  Kakiitz*!  explanation.  (Vide 
CpMiplto  rendmt  de  rAeadinUe  det  Seifnce$,  t.  xiii.  p.  687. 1841.)— M. 
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OF  DKT  AIE  DT  TUB  DIFFEBBNT  8BA80N8,  AND  AT 
DIFFBBBMT  HOUB8,  AT  APBMBABB. 


HOUBS. 

TBAB. 

SUMMBB. 

AUTUBCN. 

WIMTBB. 

8PBIHG. 

mm. 

mm. 

Noon. 

749,06 

744,61 

743,85 

752,90 

754,52 

1 

748,89 

744,43 

743,68 

752,62 

754,38 

2 

748,82 

744,38 

743,61 

752,52 

754,32 

3 

748,85 

744,46 

743,66 

752,50 

754,34 

4 

748,98 

744,67 

743,81 

752,56 

754,44 

5 

749,21 

744,99 

744,39 

752,70 

754,63 

6 

749,49 

745,40 

744,37 

752,74 

754,88 

7 

749,80 

745,88 

744,51 

753,08 

755,15 

8 

750,27 

746,41 

744,56 

753,25 

755,65 

9 

750,35 

746,93 

744,82 

753,34 

755,77 

10 

750,55 

747,41 

744,88 

753,36 

756,02 

11 

750,67 

747,82 

744,90 

753,30 

756,22 

Midnight 

750,73 

748,11 

744,93 

753,33 

756,36 

13 

750,75 

748,27 

744,96 

753,05 

756,42 

14 

750,73 

748,30 

745,01 

752,94 

756,43 

15 

750,68 

748,18 

745,08 

752,87 

756,36 

16 

750,61 

747,94 

745,16 

752,80 

756,24 

17 

750,52 

747,59 

745,21 

752,91 

756,09 

18 

750,41 

747,16 

745,11 

752,86 

755,89 

19 

750,25 

746,68 

745,13 

753,08 

755,67 

20 

749,88 

746,78 

745,09 

753,13 

755,25 

21 

749,82 

745,69 

744,71 

753,12 

755,18 

22 

749,56 

745,25 

744,41 

753,05 

754,94 

" 

749,30 

744,88 

744,12 

752,92 

754,71 

(Vide  Appendix,^.  29.) 


On  considering  the  annual  relations,  we  see  that,  at  a 
mean,  the  pressure  of  the  dry  air  is  greatest  about  one 
o'clock  in  the  morning ;  it  diminishes  from  this  moment,  and 
attains  its  nUmmum  about  two  o'clock  in  the  afternoon.  The 
difference  between  the  two  extremes  is  1"*">,93.  In  the  dif- 
ferent seasons  this  difference  varies ;  thus,  in  summer,  it 
rises  as  high  as  3""",6 ;  the  phenomenon  is  very  well  de- 
duced from  the  diurnal  variations  of  temperature.  When, 
in  the  morning,  the  temperature  of  the  atmosphere  in- 
creases,  its  upper  limit  rises,  a  part  of  the  higher  strata  passes 
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away,  and  the  pressure  diminisbes  nntil  the  moment  of  the 
greatest  heat  of  the  day ;  afterwards,  new  masses  of  air 
arrive  from  countries  more  highly  heated,  that  are  situated 
more  to  the  east,  and  the  pressure  is  augmented.  This 
single  maximum  and  mmmum  are  also  augmented  by  the 
vapour  of  water  that  rises  during  the  day.  In  the  morning, 
when  the  pressure  of  the  dry  air  dimimshes,  not  only  does 
the  tension  of  the  vapour  compensate  this  effect,  but  it 
makes  the  column  rise ;  and  it  attains  its  maximum  when  the 
pressure  of  the  air  begins  to  diminish.  For  the  same 
reason,  we  find  a  mmimym  in  the  morning,  because  the 
diminution  of  the  vapour  of  water,  during  the  night,  is  more 
rapid  than  the  increase  of  the  pressure  of  the  dry  air. 

It  is  to  be  regretted  that  these  residts  are  not  deduced 
from  a  series  of  several  years,  the  more  so  as  the  observed 
year  was  more  moist  than  usual.  During  the  summer  of 
1837,  in  very  dry  weather,  I  made  observations  at  a  few- 
hundred  paces  from  the  Baltic,  and  obtained  results  slightly, 
differing;  those  of  Halle  are  still  more  so,  as  well  as  the 
series  of  two  consecutive  months,  made  by  BtlerUn  at 
Munster.  The  following  table  contains  the  results  of  se- 
veral years  for  the  months  of  January  and  July  at  Halle, 
and  those  of  BtierUn  for  the  end  of  April  and  the  beginning 
of  May,  the  end  of  August  and  the  beginning  of  September; 
the  quantities  from  the  fourth  to  the  seventh  hours  are 
found  by  interpolation : — 
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PBB88TniB8  OF  DBT  AlB,  AT  DIFFBBBNT  HOUBS,  AT  HALLB  AMD 

AT  MUN8TBB. 


ttrkTrBA 

HALLR. 

MUNSTBB. 

UVJUHO* 

January. 

July. 

May. 

September. 

mm. 

mm. 

mm. 

mm. 

Noon. 

750,41 

741,75 

745,07 

744,29 

1 

750,18 

741,80 

745,13 

744,39 

2 

750,11 

741,77 

744,91 

744,05 

3 

750,12 

741,74 

744,57 

744,00 

4 

750,22 

741,66 

744,24 

743,85 

5 

750,33 

741,53 

744,29 

743,69 

6 

750,40 

741,44 

743,97 

743,36 

7 

750,48 

741,21 

744,01 

743,61 

8 

•  750,57 

741,31 

743,95 

743,78 

9 

750,62 

741,52 

»» 

>» 

10 

750,65 

741,76 

>» 

9) 

11 

750,64 

741,94 

i» 

n 

Midnight 

750,64 

742,13 

n 

99 

13 

750,59 

742,24 

>i 

99 

14 

750,54 

742,24 

n 

99 

15 

750,45 

742,16 

n 

99 

16 

750,37 

742,03 

»i 

99 

17 

750,34 

741,87 

»» 

99 

18 

750,40 

741,79 

745,18 

744,44 

19 

750,48 

741,59 

745,38 

741,98 

20 

750,58 

741,50 

745,26 

741,85 

21 

750,70 

741,56 

745,36 

741,76 

22 

750,75 

741,69 

745,56 

741,85 

23 

750,63 

741,77 

745,37 

741,91 

These  qoantitiefl  differ  greatly  from  those  that  I  deduced 
fitun  the  observations  at  Apenrade ;  for  in  July  we  find  a 
maximum  at  Halle  a  short  time  after  midnight,  and  the 
pressure  of  the  dry  air  diminishes  until  8  a.m.  ;  it  then  asain 
inereases,  and  attains  a  new  maximum  at  the  moment  whenr 
the  sun  passes  the  meridian:  the  minimum  occurs  about 
sevea  o'clock  in  the  evening;  the  pressure  then  increases 
agam.  The  difference  between  the  extremes  does  not  vanr 
more  than  0""',9  and  1"*,1 ;  consequently  it  is  one-lburta 
<kf  that  found  for  Apenrade  during  the  summer.   In  Januaxr 

ir2 
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there  are  two  maxima,  at  10  a.m.  and  10  p.m.  ;  and  two  mmhnOj 
at  5  AM.  and  2  p.m.  The  eeries  for  Munster  seems  to  indi- 
cate analogous  laws. 

It  is  not  probable  that,  in  places  where  difference  of 
latitudes  is  so  inconsiderable,  the  phenomenon  should  pre- 
sent such  great  differences ;  for,  when  we  study  the  baro- 
metric osciUations  without  separately  examining  the  pressure 
of  the  air,  and  that  of  the  vapour  of  waters,  these  differences 
entirely  disappear.  The  anomalies  increase  when  we  com- 
pare series  made  at  great  differences  of  level.  If  we  would 
explain  the  great  amplitude  of  diurnal  oscillation  in  the 
open  sea,  by  differences  of  tension,  that  would  suppose  a 
variation  in  the  dew-point  of  several  d^rees ;  now,  the 
observations  of  voyagers  prove  that  the  heat  and  the  tension 
of  the  vapour  of  water  vary  but  little  during  the  day  on  the 
surface  of  the  ocean. 

Admitting  the  influence  of  this  single  cause,  we  remove 
other  difficulties  also.  It  is  probable  that  the  mean  pres- 
sure of  the  atmospheric  vapour  of  water,  considered  in  the 
space  of  one  day  or  one  year,  diminishes  with  the  height, 
according  to  the  laws  of  the  tension  of  vapours  in  vacuo. 
Thus,  from  an  observation  made  on  one  point  of  the  vertical, 
we  may  deduce  approximatively  the  tension  to  any  height ; 
but  it  would  not  necessarily  follow  that  this  rule  mieht  be 
applied  to  every  hour  of  the  day  taken  isolately.  As  the 
air  opposes  the  liberation  of  vapours,  it  is  evident  that  they 
are  denser  in  the  morning  at  the  surface  of  the  ground  than 
an  observation  made  at  a  certain  height  would  lead  us  to 
suppose.  So  that,  in  the  plains,  the  dew-point  would  be 
too  nigh,  and  the  pressure  of  vapour  that  we  misht  deduce 
from  it  will  be  greater  than  if  it  were  deduced  from  mea- 
sures made  at  mfferent  heights ;  but,  towards  mid-day,  the 
ascending  current  makes  the  vapours  ascend,  and  the  dew- 
point  then  becomes  lower  than  it  would  have  been  according 
to  ^e  mean  hygrometric  state.  These  facts  are  a  ^nse- 
quence  from  the  observations  I  made  on  the  Alps.  At  the 
sea-shore  these  laws  are  modified,  for  while  the  ascending 
current  raises  the  vapours  the  sea-breeie  is  continually 
bringing  new. 

Whatever  be  the  cause  of  these  osdllations,  their  ampH- 
fade  can  never  be  so  great  above  as  below.  Suppose  that, 
in  the  plains,  the  barometer  has  the  same  height  throughout 
the  day,  there  will  be  above  a  variation,  the  laws  of  whidi 
H  would  be  easy  to  deduce ;  for  as  soon  as  the  presence  of 
the  snti  above  the  horiion  expandii  the  air  the  latter  ascends, 
apd  a  part  of  the  atmosphere  that  was  below  the  devated 
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Station  rises  aboye  it,  whence  there  arises  an  increase  of 
pressure  until  the  moment  of  the  greatest  heat.  From  this 
moment  the  barometer  fiills  until  the  moment  of  the  fritiit- 
mtun  diurnal  temperature,  which  happens  next  morning. 
This  period  combmes  with  that  which  takes  place  on  the 
plain,  for  about  mid-day  the  atmosphere  becomes  lighter 
below  and  above ;  but  this  diminution  is  less  sensible  above, 
because  of  the  expansion  of  the  entire  atmosphere:  the 
phenomenon,  therefore,  depends  specially  on  the  amplitude 
of  the  variation  in  the  plain.  The  more  we  ascend  the  less 
does  the  barometer  change  from  twenty-two  hours  to  four 
hours,  and  it  may  happen  that  the  pressure  unceasingly 
increases  until  the  moment  of  the  greatest  diurnal  heat.  In 
our  latitudes  this  interversion  will  shew  itself  at  a  less  height 
than  within  the  tropics,  where  the  diurnal  oscillations  are 
much  more  powerfuL 

MBAM  HBIQHT  OF  THB  BAROMBTER.  —  Like  as 

we  have  been  able  to  deduce  the  mean  temperature  of  a 
place  from  a  few  diurnal  observations,  so  also  can  we  con- 
clude the  mean  height  of  the  barometer  for  a  tolerably 
long  period  of  time,  from  a  few  readings  made  every  day. 
I  luve  designedly  said  a  tolerably  long  period,  for,  if  we 
desire  to  obtain  the  mean  pressure  of  the  air  during  the 
day,  the  value  obtained  by  means  of  some  observations  maj 
diner  sensibly  from  the  real  mean.  The  mean  barometnc 
height  is  obtained  approximately  by  taking  observations  at 
the  morning  maximum  and  the  evening  mmumtm.  A  great 
many  meteorologists  only  read  the  instrument  at  these  two 
moments  of  the  day :  I  cannot  press  too  strongly  upon  them 
to  make  several  other  observations  in  the  morning  and 
afternoon ;  for  not  only  do  they  obtain  the  mean  pressure 
more  accurately,  but  their  observations  may  serve  for  study- 
ing |the  ^rregiuar  oscillations  of  the  barometer.  Further, 
if  m  any  place  an  observer  is  engaged  measuring  heights 
by  the  iMtrometer,  two  correspondents  in  the  day  are  not 
sufficient ;  and  tiiat  of  mid-day,  in  particular,  always  gives 
differences  of  level  that  are  too  neat ;  but,  if  observations 
were  made  four  or  five  times  a-cuy,  we  might  then  calcu<« 
late  the  variation  and  the  mean  pressure,  and  appreciate 
the  extent  of  irre^lar  variations.  The  arithmetical  mean 
of  three  observations  made  at  eighteen  hours,  two  hours, 
and  ten  hours,  or,  affain,  at  nineteen  hours,  two  hours,  and 
nine  hours,  is  sensibly  equal  to  the  mean  barometric  pres- 
sure, and  the  amplitude  of  the  diurnal  oscillations  may  be 
deduced  from  it     The  barometer  attains  its  mean  height 
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about  mid-day,  jienerally  between  mid-day  and  one  o'clock ; 
the  moment  vanes  according  to  the  seasons. 

HEIGHT    OF   THB    BA&OMETBR   ON    THE    8EA^ 

OOA8T. — This  was  for  a  long  time  thought  to  be  the  same 
in  all  latitudes.  The  number  of  observations  not  beine 
sufficient  to  solve  the  question,  we  trusted  to  theoretics 
considerations;  it  was  said  that  the  conditions  of  equili- 
brium of  the  aerial  ocean  did  not  sanction  our  admitting 
unequal  pressure  at  different  latitudes.  It  was  foigotten 
that  this  assumed  equilibrium  did  not  exist ;  for  if,  in  our 
latitudes,  the  oscillations  due  to  changes  in  the  weather  end 
by  ccHnpensating  each  other,  it  is  not  the  same  within  the 
different  zones ;  the  existence  even  of  trade-winds  near  the 
equator,  and  west  winds  in  high  latitudes,  is  a  sufficient 
proof  of  this.  The  ascending  current  that,  in  the  higher 
regions,  is  always  directed  toward  the  poles,  draws  along 
the  air  of  the  equator,  and  the  stronger  pressure  that  results 
from  it  leads  the  air  of  the  pole  towara  the  equator,  and 
gives  rise  to  trade- winds.  MM.  Schouw,  Erman,  Herscbel, 
Mimcke,  and  Poffsendorff,  have  successively  entered  upon 
this  subject;  and,  although  the  influence  of  latitude  is  not 
as  accurately  known  as  might  be  desired,  yet  we  already 
possess  very  satisfactory  approximations. 

The  principal  results  to  which  we  have  arrived  are  the 
following: 

1st.  We  may  admit  that,  at  the  sea-coast^  the  mean 
atmospheric  pressure  is  761  """,35. 

2d.  At  the  equator,  it  is  not  more  than  758""",  or  a  little 
above. 

3d.  At  the  latitude  of  10°  the  pressure  increases,  and 
between  the  30th  and  40th  degrees  it  attains  its  maxinmmj 
for  it  rises  to  762  or  764"«. 

4th.  Starting  from  this  zone  it  dinmushes,  and  about  the 
5th  degree  of  latitude  it  is  no  more  than  760"",  and  in  the 
more  northern  countries  it  descends  to  about  756"".  We 
here  give  M.  schovw's  table,  as  it  was  published  by  M. 
Ponendorflr  in  the  Campte$  readuM  de  VAcadhme  des 
Sciences^  t  iL  p.  573.  1836. 
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MB  AN  HEIGHT  07    THE  BAEOMETEB  AT  THE  IE  TEL  OF  THE 

8EA,  AGCOBDIKO  TO  MM.  Bcbouw  AND  Poff^endorff. 


HEIGHT  OF  THE  BAEOMETEB 

at  the  level  of  the  Sea,  at  0*. 

PLACES. 

LATirUBE. 

Not  Corrected 

Corrected 

for  Gravity. 

for  Gravity. 

Cape  .    . 

.    .    33»      S. 

763,01 

762,20 

Rio-Janeiro 

.    23 

764,03 

762,65 

Christianbu 

rg .      5  3(y  N. 

760,10 

758,16 

La  Giiayra 
Saint-Thom 

.    .     10 

760,17 

758,32 

las.     19 

760,51 

758,95 

Macao    . 

.     .    23 

762,99 

761,61 

Teneriffe     . 

.     .    28 

764,21 

763,10 

Madeira. 

.     .    32  30 

765,18 

764,34 

Tripoli  .    , 

.     .    33 

767,41 

766,60 

Palermo 

.     .     38 

762,95 

762,47 

Naples   .    . 

.     .    41 

762,34 

762,06 

Florence 

.     .    43  30 

761,93 

761,81 

Avignon 

.     .    44 

762,02 

761,95 

Bologna. 

.     .    44  30 

762,18 

762,13 

Padua    . 

.     .    45 

762,18 

762,18 

Pftris.    . 

.     .    49 

761,41 

761,68 

London . 

.     .    51  30 

760,96 

761,41 

Altona  .    . 

.     .    53  30 

760,42 

761,01 

Dantzic  . 

.     .    54  30 

760,10 

760,76 

Konigsberg 

.     .    54  30 

760,49 

761,14 

Apenrade 
Edinburgh 

.     .    55 

759,58 

760,71 

.    .    56 

758,25 

759,00 

Cbristiania 

.    .    60 

758,64 

759,63 

Hardanger 

.     .    60 

756,94 

757,04 

Bex^n  . 

Reikiayiff    . 
Godthaab   , 

.    .    60 

757,01 

758,00 

.    .    64 

752,00 

753,20 

.    .    64 

751,94 

753,13 

Eyafiord.    , 

.    .    66 

758,58 

754,89 

Godhaven  . 

.    .    68 

753,76 

755,16 

Upenavik 
MelvOle  Isli 

.    .    63 

755,18 

766,80 

e    .    74  80 

757,08 

758,75 

Spitsbergen 

.    75  30 

756,76 

758,48 
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We  can  understand  that,  at  the  equator,  from  which  the 
air  is  constantly  passing  away,  the  pressure  must  be  less ;  at 
the  latitude  of  30%  where  the  pressure  attains  its  maximumj 
the  upper  south-west  trade-wmd  contends  with  the  lower 
north-east  trade-wind,  and  an  accumulation  of  air,  with  a 
very  strong  pressure,  is  the  consequence.* 

I  cannot  account  for  the  pressure  diminishing  in  the  high 
latitudes;  for,  by  merely  paying  attention  to  vie  tempera- 
ture of  the  earth  and  the  laws  of  permanent  gases,  it 
ought  to  augment  as  we  recede  from  the  equator :  experience 
proves  the  contrary.  But  I  doubt  whether  we  may  be  able 
to  apply  to  the  entire  atmosphere  the  laws  of  which  we  have 
spoken,  for  it  is  composed  of  air  and  the  vapours  of  water : 
now,  the  tension  of  the  vapour  of  water  diminishes,  and  in 
high  latitudes  it  is  resolved  into  rain.  The  pressure  of  the 
dry  air  alone  increases.  Unfortunately,  we  are  in  want  of  a 
sufficient  number  of  hygrometric  observations,  made  at  dif- 
ferent latitudes,  to  enable  us  to  isolate  these  two  pressures : 
however,  without  any  great  error,  we  may  estimate  the  ten- 

*  M.  EsxAif  (in  bis  voyage  round  the  world  in  a  Biusian  brig,  whsre  the 
b&rometer,  thermometer,  and  hygrometer,  were  obeerred  bIx  times  a-day), 
having  four  times  travelled  in  tbe  space  comprised  between  the  55th  degree 
north  latitude,  and  the  58th  south  latitude,  saw  that  the  mean  pressure  of 
the  atmosphere,  corrected  for  the  intensity  of  gravity,  is  not  the  same  on 
all  points  of  the  globe,  but  is  found  within  a  narrow  d^>endence  upon  the 
two  horizontal  co-ordinates  of  each  point.  This  result  is  in  like  manner 
verified,  whether  we  consider  the  total  pressure  of  all  the  constituent  parts 
of  the  atmosphere,  or,  by  making  use  of  hygrometric  observations  in  order 
to  eliminate  the  teiislon  of  the  aqueous  vapour,  we  only  compare  the  pres- 
sures of  the  permanent  gases. 

Let  us  first  examine  the  influence  of  latitude ;  setting  out  trosa  the  60th 
degree  of  south  latitude,  and  following  the  same  meridian,  the  mean  pre»> 
sures  go  on  sensibly  increasing  to  the  S5th  degree  of  south  latitude,  that  is, 
to  the  Umit  of  the  trade-winds.  From  this  puallel  they  regularly  deoreaae 
to  the  equator,  where  they  attain  a  relative  miiUmtim;  they  then  increase 
again  to  the  north  limit  of  the  trade-winds.  In  our  hemisphere,  the  phe- 
nomena are  repeated  in  a  lymmetrical  manner  as  in  Uieoppoalte  hcanfsphere. 
The  difference  of  pressure  at  the  Umit  of  the  trade-winds,  from  one  idde  of 
the  equator  to  the  other,  is  4>*",06.  Sir  J.  HntacHn.  has  confirmed  this 
result  in  his  voyage  to  the  Cape  of  Good  Hope.  Settins  out  from  the  kmut^ 
mum  pressure,  which  is  found  in  about  25*  of  laytitnde,  and  directing  our 
course  toward  the  pole,  the  diminution  of  pressure  is  much  more  rapid 
than  in  the  aone  of  the  trade-winds.  Thus  the  mean  pressures  on  the  coast 
of  Kamtschatka  and  at  Cm  Horn  are  respectively  lower  than  the  mean 
maximmm  pressure  of  the  Great  Ocean,  by  1S<m,86,  and  I2a^lS.  Seriea  of 
observations  made  on  the  coast  of  Iceland  ftiUy  ccmflrm  this  result. 

The  mean  pressure  of  tbe  atBKMphere  is,  in  the  seoend  i>laoe,  dependent 
on  the  longitude.  In  equal  latitudes  it  is  3»,5  greater  on  the  Atlantic 
Ocesn  than  in  the  Pacific.  This  result  was  obtained  by  the  comparison  of 
observations  made  under  twen^-four  diflltoent  parallels,  bearing  in  mind 
tbe  influence  of  the  seasons. 

If  we  take  account  of  the  tension  of  the  aqueous  vapour,  the  mojtimmm 

S-essnre  In  each  hemisphere  recedes  a  little  toward  the  poles;  and  the 
flisreBoe  between  this  mtuttmum  and  the  equatorial  mimimum  is  much 
greater,  since  it  rises  to  l]-",96.  (Vide  M.  ScHVHACHn's  Anmmaire  for 
l%4Sn  p.  298).— M. 
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rion  of  the  yapour  of  water  under  the  equator  at  25"*;  m 
latitude  36°,  at  14»«,6 ;  and  in  70°,  at  4*»  5.  By  subtract- 
ing these  quantities  from  those  that  we  found  for  atmo* 
roneric  pressure  at  the  same  latitudes,  we  shall  obtain,  for 
the  pressure  of  dry  air,  the  following  numbers :  at  the 
©auator,  733«» ;  in  latitude  35°,  748°«» ;  and  in  70°,  752»". 
ThLUSy  in  a  general  manner,  the  pressure  diminishes  from  the 
equator  to  the  poles.* 

HBIGHT  or  THB  BAROMETER  IN  DIFFERENT 
8BA.80N8. — ^It  was  formerly  thought  that  the  length  of  the 
mercurial  column  must  be  tne  same  in  different  seasons,  and 
its  less  height  during  the  spring  was  attributed  to  the  atmo- 

Stheric  variations  by  which  this  season  is  diaracterised  in 
urope.  No  account  was  taken  of  the  limited  number  of 
observations  of  the  intertropical  climates  that  we  then 
possessed.  M.  de  Buch  was  the  first  to  shew,  that  between 
the  tropics  the  atmospheric  pressure  diminishes  in  propor- 
tion as  the  sun  approaches  the  zenith ;  M.  Dove  extended 
these  researches.    The  following  table  ^ews  what  the  mean 


*  AtaKwpberic  preemre  exerdMf  an  inflnenoe  <nr«r  the  memn  lef«l  of  tbe 
this  lerel,  which  is  obtolned  by  taking  the  mean  between  two  oooseon- 
tiTe  high  tides,  and  the  height  of  tibe  intermediate  low  tide,  lias  genenJly 
been  regarded  as  constant.  Bat  M.  DAnasT,  on  comparing  together  the  ob- 
•errations  at  Brest,  saw  that  it  was  not  so»  and  that  this  mean  lerel  Taried 
according  to  the  Iwrometric  pressure. 

Obsenrations  made  at  Lorient  Aimished  him  with  a  new  series  of  com- 
parisMis.  Thus,  160  determinations  of  the  mean  lerel  of  the  sea,  arranged 
according  to  the  height  of  the  barometer  obaerred  each  day,  and  divided  into 
ftve  gronpa  of  thirty  each,  gare  the  following  results:— 

VAEIATION  IN  TBB  MXAH  LBVKL  OF  THS  SSA,  ACCOU>IHO  TO  THI  HSI0HT8 

OV  TBM  BAaOMXTSa. 


HBOHTOP 

XBAVHBIOBT 

TBI 

OP 

BABOMBTSa. 

THB8BA. 

mm. 

746.7 

3.697 

762.9 

S.9S6 

766.6 

S.864 

760.6 

8.796 

76S.9 

2,767 

Designating  the  obaerred  height  of  the  barometer  by  H.  the  mean  level 
is  very  well  represented  by  the  ibrmala :  N  =  2".823  -  16.6 


N  of  the 
(H-0-.760). 

M  Dausst  was  oominced.  in  the  oaarm  ot  his  researches,  that  this  mean 
level  was  not  sensibly  altered  at  Lorient  by  breeses  or  firesh  winds ;  bat  that 
h  IbU  0*,0S  by  violent  winds  ftvm  the  N.  to  N.B..  and  rose  the  same  quan- 
tity by  Uwee  from  the  S.W.  the  8.  or  the  a.E.  {Cmmrtei  rendm  de  VAtM" 
4i£*wfed^£e^bicef.t.iiLp.ia6.  1886.)— M. 
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Sressure  is  in  the  northern  hemiBphere  u  for  as  the  SOth 
^;ree  of  latitude : — 


MEAN  MONTHLY  HEIGHT  OF  THE   BABOMETEB  BETWEEN  THE 
EQUATOB  AND  THE  30tH  DEGREE  OF  NOBTH  LATITUDE. 


MONTHS. 

HAYANNAH. 

CALCUTTA. 

BENABES. 

BfACAO. 

CAIBO. 

mm. 

mm.' 

January  . 

765,24 

764,57 

755,41 

767,93 

762,40 

February 

760,15 

758,86 

752,91 

767,01 

tJ 

Aforch 

760,98 

756,24 

751,19 

766,08 

759,43 

April  .    . 
May    .    . 

759,58 

753,83 

747,33 

761,93 

760,10 

758,19 

750,81 

745,01 

761,64 

758,23 

June   .    . 

760,67 

748,10 

741,13 

757,31 

754,42 

July    .    . 

760,67 

747,54 

740,65 

757,91 

753,90 

August 

757,33 

748,53 

743,31 

757,91 

754,06 

September 

757,46 

751,85 

745,98 

762,22 

756,70 

October    . 

758,19 

755,25 

750,35 

763,37 

759,70 

November 

761,25 

758,37 

753,06 

766,17 

760,76 

December 

763,62 

760,59 

755,57 

768,65     761,82 

{Vide  Appendix,^.  30.) 

It  IB  eyident  that,  in  all  places  situated  north  of  the 
equator,  the  pressure  diminishes  from  January,  and  increases 
toward  winter.  At  Calcutta,  where  a  series  of  observations 
have  been  made  comprising  eight  years,  and  where  no  acci- 
dental disturbances  exist,  uis  difference  rises  to  more  than 
sixteen  millimetres ;  it  appears  to  be  greater  in  India  than 
in  America,  and  diminishes  as  the  distance  from  the  equator 
increases.  The  following  table  gives  us  these  differences  for 
places  situated  in  high  latitudes : — 
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MEAN  MONTHLY  HSTGHT  OF  THE   BABOMBTEB  BETWEEN  THB 
49th  AND  60tH  DEQBEE  OF  NOBTH  LATTTUDB. 


MONTHS. 

FABIS. 

STBASBUBG. 

i 

HALLE. 

BEBLIN. 

PETBBSBDBa. 

nun. 

January  . 

758,86 

751,62 

754,64 

761,91 

762,54 

February 

759,09 

752,43 

753,44 

761,23 

763,10 

March 

756,33 

751,19 

751,62 

759,90 

760,76 

April  .    . 
May    .    . 

755,18 

749,95 

750,98 

757,82 

761,19 

755,61 

750,49 

752,57 

759,88 

760,94 

June   .    . 

757,28 

752,16 

752,70 

759,81 

759,83 

July    .    . 

756,52 

751,64 

753,27 

759,58 

758,25 

August    . 

756,74 

752,03 

752,18 

759,02 

759,94 

September 

756,61 

752,59 

753,42 

760,53 

761,19 

October    . 

754,42 

751,82 

765,55 

761,25 

760,82 

November 

755,75 

751,28 

753,27 

759,43 

758,05 

December 

755,09 

750,70 

754,10 

760,85 

760,22 

(Vide  Appendix, >^.  30.) 


In  this  table  we  again  find  that  law  by  yirtue  of  which 
the  pressure  is  less  in  summer  than  in  winter ;  at  the  same 
time  a  double  period  is  observed.  Setting  out  from  winter, 
the  pressure  diminishes  till  the  equinox;  it  then  increases 
in  summer,  without,  however,  attaining  the  winter  mean : 
traces  of  a  second  minimum  are  then  found  in  autumn ;  the 
curve  afterwards  ascends  until  winter. 

If  we  would  deduce  from  these  numbers  laws  on  the 
state  of  the  atmosphere,  we  should  first  inquire  whether 
they  could  be  compared  directly;  it  is  evident  that  the 
pressure  of  the  vapour  of  water  contained  in  the  atmosphere 
must  be  deducted.  For  this  purpose  we  must  have  hygro« 
metric  observations,  made  at  cufiTerent  heights  in  the  atmo- 
sphere ;  but,  as  the  resistances  opposed  by  the  air  to  the  rise 
and  fall  of  vapours  are  reciprociuly  destroyed,  we  may  re** 
gard  the  numbers  obtained  lor  the  tension  of  vapour  at  the 
surface  of  the  ground  as  very  nearly  approaching  the  truth, 
and  may  subtract  the  tensions  of  the  total  pressure.  The 
following  table  gives  the  pressure  of  dry  air  at  Calcutta  and 
at  Apenrade,  according  to  M.  Dove's  ouculations ;  at  Halle, 
according  to  mv  own  observations ;  and  at  St.  Fetersbuig, 
according  to  those  of  the  Academy.  However,  I  may 
remark,  that  in  this  latter  town  Uie  hygrometric  observa* 
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tions  only  comprise  one  year ;  thoee  of  the  barometer  em- 
brace three.  In  like  manner,  the  hygrometer  at  Halle 
was  not  observed  so  long  as  the  barometer : — 

MEAN  MOKTHLT  PBESSUBE  OF  DBT  AEB,  AT  DIFFSKBHT 

lATITUDES. 


MONTHS. 

0AIX3UTTA. 

APETntADE. 

HALLE. 

PBTEBSBUBG. 

mm. 

mm. 

Jannary  . 

750,74 

754,91 

750,47 

759,13 

February 

746,95 

756,90 

748,89 

759,94 

March.    . 

741,47 

752,30 

746,48 

756,38 

April  .    . 
May    .    . 

737,50 

751,44 

744,88 

756,04 

726,72 

749,77 

744,63 

756,09 

June   .    . 

725,29 

748,44 

742,48 

752,59 

July    .    . 

724,84 

745,46 

741,74 

748,71 

August 

725,88 

745,53 

741,45 

750,80 

September 

729,92 

747,09 

743,49 

754,58 

October   . 

735,24 

745,03 

747,90 

755,34 

November 

746,82 

748,01 

747,56 

755,05 

December 

748,96 

749,71 

748,60 

757,51 

Although  these  numbers  still  present  numerous  ano- 
malies, especially  in  Europe,  because  the  series  of  observa- 
tions are  not  sufficiently  long,  yet  they  shew  that  the  pressure 
of  dry  air  attains  its  maximum  in  winter  and  its  mimmum  at 
the  period  of  the  greatest  heats.  The  difference  between  these 
two  extremes  diminishes  as  we  recede  from  the  equator ;  for, 
if  we  deduct  the  mean  of  the  three  summer  months  from 
that  of  the  three  winter,  the  difference  is,  for  Calcutta, 
23"%55 ;  at  Apenrade,  7"",40 ;  at  Halle,  7»",49 ;  and  at 
St.  Petersburg,  8"",16. 

If  we  examine  the  pressure  of  the  entire  atmosphere,  this 
period  partly  disappears  in  the  high  latitudes :  the  summer 
minmum  diners  from  the  winter  maximum  by  only  a  small 
number  of  millimetres;  and,  in  the  hot  season,  the  difference 
fs  du^ised  by  the  tension  of  the  vapour  of  water.  The 
combmation  of  these  two  pressures  bnngs  a  miumum  in  the 
rorin^,  because  the  pressure  of  the  diy  air  then  rapidly 
diminishes,  whilst  the  quantity  of  vapour  is  not  vet  very 
considerable.  Traces  of  a  second  minimum  are  found  in 
autumn,  because  the  quantity  of  the  vapour  of  water  is 
rapidly  diminishing,  whilst  the  pressure  of  the  dry  air  in- 
creases slowly.  Between  the  tropics  this  period  of  the 
pressure  of  the  dry  air  is  very  marked ;  and,  dthough  the 
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•pressure  of  the  yapour  increases  in  sommer,  vet  its  yariations 
are  not  sufficiently  great  to  disguise  those  oi  the  dry  air. 

This  &ct,  that  the  height  of  the  harometer  is  less  in 
summer  than  in  winter,  is  me  consequence  of  causes  already 
enumerated^  namely,  changes  of  pressure;  and  it  evidently 
shews  the  movements  of  the  aerial  ocean  over  the  whole  sur- 
face of  the  globe ;  not  only  are  these  movements  felt  in 
eountries  near  at  hand,  but  even  from  one  pole  to  the  other. 
At  the  period  of  the  equinoxes,  when  the  temperature  all 
over  the  earth  is  equal  to  the  annual  mean,  the  mean  pres- 
sure of  the  dry  air  is  almost  every  where  observed.  If  the 
sun  advances  toward  the  northern  hemisphere,  the  latter  is 
heated,  whfle  the  opposite  hemisphere  is  cooled.  A  passage 
of  air  from  the  northern  to  the  southern  hemisphere,  and 
a  displacement  of  the  trade- winds  toward  the  north,  are  the 
consequence ;  in  other  words,  the  barometer  is  lower  in  the 
hemisphere  where  summer  prevails,  and  higher  in  that 
where  winter  prevails.  The  closer  countries  are  to  the 
limit  where  this  exchange  takes  place,  the  more  marked 
will  the  differences  be.  The  resistance  experienced  by  the 
air,  at  the  sur&ce  of  the  earth,  will  render  these  effects 
much  less  appreciable  in  countries  at  a  distance  from  this 
limit ;  thereiore  it  is,  that  the  differences  between  the  pres- 
mre  of  dry  air  in  summer  and  winter  are  less  in  nigh 
latitudes  than  under  the  equator.  Further  observations 
will  prove  that,  in  equal  latitudes,  they  are  greater  in  the 
intenor  of  continents  than  on  the  sea-coast 

This  exchange  is  intimately  connected  with  the  depend- 
ence which  the  winds  have  on  the  seasons  of  the  year 
(p.  52^,  and  with  the  properties  they  derive  from  them. 
in.  spring,  when  the  atmospheric  pressure  approaches  the 
mean,  the  air  is  heated,  and  the  wind  reaches  us  from  north- 
em  countries,  driving  away  the  prevailing  S.W.  wind. 
Hence  the  equatorial  tempests  and  gales.  This  contest  of 
eold  north  winds  with  warm  south  winds  produces  miz- 
tnies  of  dry  and  moist  air,  and  variable  weather,  during 
which,  rain,  snow,  and  sleet,  alternate  at  short  intervals, 
with  a  nerfectly  dear  sky.  In  the  autumn,  on  the  con- 
trarr,  when  the  air  comes  from  the  south,  the  south  winds 
predEominate ;  they  pour  upon  the  south  of  Europe  the 
water  with  which  they  are  charged,  and  reach  us  pmectly 
dry;  hence  the  beautifiil  weather  that  sometimes  prevails 
in  the  middle  of  autumn,  and  which  is  known  in  France 
under  the  name  of  St,  MarUfCs  nmmer;  in  Grermany  it  is 
called  the  summer  of  old  men ;  and  in  North  America,  Me 
IntUtm  eummer. 
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IftRBOUXiAR  OSOIIdiJkTIOMB  OF  THS  BAROMfi^ 
TSR. — Afler  having  proved  the  dependence  existing  be* 
tween  these  great  movements  of  the  atmosphere  and  tem- 
perature, it  will  be  easy  for  us  to  deduce  from  the  same 
cause  the  accidental  oscillations  of  the  barometer ;  the  am- 
plitude of  these  irregular  oscillations  is  greater  as  we  recede 
further  from  the  equator. 

The  study  of  the  laws  of  these  oscillations,  accordinff  to 
latitude,  for  example,  presents  great  difficulties.  Ancient 
philosophers  took  the  difference  between  the  maximum  and 
minimum  observed  during  the  course  of  a  great  many  years. 
This  method  was  then  renounced,  in  order  to  seek  the  dif- 
ference between  the  two  extremes  for  each  month.  It  was 
observed  that  the  oscQlations  became  less  as  the  heat  in- 
creased ;  if  the  work  embraces  a  great  many  years,  we  end 
by  finding  for  each  month  constant  numliers,  giving  the 
mean  amplitude  of  the  oscillation :  we  will  cafl  this  the 
mean  monthly  oscillation*  The  observations  of  a  single  year 
are  sufficient  for  obtaining  an  approximate  datum,  but  a 
long  series  alone  can  lead  to  a  rigorous  result. 

Although  subject  to  great  inconveniences,  this  method 
is  the  only  one  that  can  be  used.  It  supposes,  indeed,  that 
the  real  extremes  are  observed,  which  occurs  in  only  a  few 
cases :  thus  the  differences  are  in  general  too  small ;  for  one 
meteorologist,  who  should  notice  the  heieht  of  the  baro- 
meter more  frequently  than  another,  would  obtain  higher 
means.  However,  as  the  instrument  is  generally  observed 
three  times  a-day,  the  errors  are  ultimately  compensated. 
Another  circumstance  to  be  noticed  is,  that  no  regard  is 
paid  to  the  regular  diurnal  oscillations :  for,  if  an  acci- 
dental atmospheric  disturbance  diminishes  the  pressure,  the 
latter  mHUI  probably  be  still  less  at  the  period  of  the  diurnal 
maximum  than  if  tnis  had  not  occurred. 

The  surest  means  of  attaining  the  end  consists  in  prefer- 
ring intervals  as  short  as  possible ;  we  should  make  observa- 
tions every  day  at  determinate  hours,  and  take  the  differences 
of  an  observation  at  that  hour  of  the  following  day,  which 
corresponds  to  the  same  hour,  and  then  divide  the  sum  of 
these  differences  by  their  number ;  we  thus  find  the  ampli* 
tude  of  the  diurnal  oscillation,  and  the  mean  of  the  results 
obtained  for  each  month  eives  the  mean  amplitude  of  the 
place.  Further  on,  I  will  communicate  several  results  of 
this  kind. 

OARB8  OF   BAROMBTRIO  WINDS.— After  having 

discovered  the  pressure  of  the  air,  philosophers  were  not 
slow  in  perceiving  that  it  varied  according  to  the  state  of 
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the  atmospliere,  and  diminished  singularly  during  storms. 
A  great  many  hypotheses  were  proposed  in  order  to  explain 
these  differences ;  all  suppose  tnat  the  air  in  motion  must 
exercise  a  less  pressure  tnan  still  air.  But  the  elements  of 
these  researches  are  taken  only  in  Europe,  and  in  stations 
near  to  each  other.  If  the  comparison  nad  heen  made  he- 
tween  harometric  ohservations  made  simultaneously  in  the 
United  States,  in  Europe,  in  Asia,  in  the  polar  regions,  and 
between  the  tropics,  we  diould  have  recognised  that  an  ex- 
traordinary fall  m  the  barometer  at  one  point  on  the  surface 
of  the  globe  is  compensated  by  an  extraordinary  rise  on 
another  point.  Thus,  instead  of  asking  why  the  barometer 
18  low  on  the  approach  of  storms,  we  should  have  thought 
that  great  differences  of  pressure  would  bring  about  great 
movements  in  the  aerial  ocean.  We  should  have  seen  that 
things  go  on  in  the  air  as  in  a  mill-pond ;  as  soon  as  the 
sluice  is  opened,  the  pressure  of  the  water  diminishes  in  this 
point,  and  the  water  is  set  in  motion  through  the  whole  ex- 
tent of  the  pond,  but  with  a  rapidity  greater  as  it  is  nearer 
the  sluice. 

In  these  researches  philosophers  succeeded  in  recognising 
that  the  different  winds  had  a  different  action  on  the  pres- 
sure of  the  air.  However,  Lambert  was  the  first  who,  in 
1771,  furnished  the  means  of  arriving  at  a  positive  result: 
we  must  choose,  says  he,  a  long  series  of  observations ;  we 
must  notice  the  height  of  the  barometer  accompanying  each 
wind,  and  determine  the  mean  pressure  correspondmg  to 
each.  Thirty  years  after  this,  BurolOiardt  undertook  a  task 
of  this  kind  for  Paris,  and  Raanond  did  one  for  Clermont, 
in  Auvergne.  In  1818,  M.  de  Bnch  studied  these  laws 
from  the  Serlin  observations ;  and,  by  demonstrating  the  in- 
fluence of  each  wind  on  the  atrial  pressure,  and  on  tne  wea- 
ther in  general,  he  raised  the  veil  by  which  these  compli- 
cated relations  are  concealed.  Aiter  him  MM.  Bneh,  Dore, 
ELsenlohr^  Kuppfer,  Scl&oi&w,  and  Kasaita,  studied  the 
phenomenon  at  different  places  in  Europe ;  so  that  we  can 
now  deduce  the  direction  of  the  wind  from  the  height  of  the 
barometer  with  a  very  sufficient  approximation. 

The  following  table  shews  what  the  mean  pressure  of 
the  barometer  is  at  fifteen  places  in  Europe  with  tiie  eight 
principal  winds: — 
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These  numben  clearly  shew  that  the  atmospheric  pres- 
sare  varies  with  the  direction  of  the  wind ;  the  barometer  is 
every  where  very  high  when  the  wind  blows  between  the 
east  and  the  north,  and  very  low  when  it  comes  from  a 
point  comprised  between  the  south  and  the  west ;  its  height 
varies  very  regularly  between  these  two  extremes.  In  cer- 
tain places,  however,  anomalies  are  found ;  thus,  at  Vienna 
and  lauda,  the  pressure  is  very  feeble  with  east  winds ;  and,  at 
St.  Petersburg,  the  nunimum  almost  coincides  with  the  N.W. 
These  anomalies  have  not  yet  been  well  explained,  for 
they  are  not  derived  merely  from  the  continental  positions 
of  tnese  two  towns,  since  the  results  obtained  at  Stockholm 
and  Moscow  agree  with  the  laws  which  regulate  western 
Europe.  The  only  difference  consists  in  that  the  oscilla- 
tions are  a  little  smaller  in  the  interior  of  the  continent 
than  on  the  west  coast.* 

Analogous  laws  are  found  in  other  countries,  only  the 
wind  that  corresponds  to  the  frutximum  barometric  height 
varies  according  to  the  position  of  these  points  in  relation  to 

*  In  one  of  the  preceding  notes,  p.  161, 1  haT*  giren  the  memn  temper»- 
torea  correeponding  to  the  diflbrent  directiooa  of  the  wind,  m  they  were 
observed  at  the  period  of  the  winter  solstice  at  Botekop  (Norway),  latitude 
69"  58'  north,  by  the  French  Commission  sent  into  the  north  of  Europe. 
The  mean  bunometric  pressures  corresponding  to  the  same  epoch,  and  in 
the  same  place,  were  calculated  by  M.  Bbatais.  They  are  ranged  In  their 
torn  within  the  following  little  table,  which  shews  the  barometric  card  <if 
wimds  for  thto  locaUty  :— 

BABOMETBIC  BBIOHT8  FOB  TBB  DIVrSBBKT  WINDS  AT  BOBBKOF. 


mm. 

N. 

743,9 

N.E. 

753,2 

E. 

743.1 

8.B. 

740,9 

8. 

740,5 

8.W. 

744,t* 

W. 

746,7 

N.W. 

745,6 

It  Is  to  be  beliered  that  the  barometric  height  753,2,  which  oomspoiidi 
to  the  N.E.  wind,  Is  too  high  ;  this  rests  on  only  a  few  observations.  But 
this  table,  when  placed  in  contrast  with  the  thermometric  card  (p.  161), 
prowis  that  the  coldest  winds  keep  the  barometer  lower,  and  that  the  wanm 
winds  ftmn  the  west  and  8.W.  raise  it  Berend  miUhnetres :  this  fliet  is  * 
remarkable  exception  for  Eorope.  According  to  Wbamobl,  this  b  nearly 
the  range  of  the  foarometar  at  New- Archangel  (Dots,  In  Schubacbbb^ 
Jak^uekJUr  1841,  p.  811).  We  shonld  Aarther  obserre  the  anomaly  pre- 
sented by  these  name  fhets,  in  another  point  of  view :  at  Bosekop,  the  lind- 
breeses  depress  the  barometer ;  the  column  rises  with  the  se»-brecae«.  An 
anomaly  or  the  same  kind  exists  at  the  mouth  of  the  Rio  de  la  Plataw— M. 
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Europe.  Thus,  in  the  United  States,  the  barometer  is 
highest  with  the  N.W.  winds,  and  lowest  with  the  S.E. ; 
it  IS  the  same  at  Pekin  in  China.  On  coUecting  these  facts 
together,  we  conclude  that  the  barometer  attains  Us  maximum 
when  the  winds  blow  from  the  north  and  from  the  interior  of 
continents,  its  minimum  when  they  come  from  the  equator  or  the 
sea. 

After  what  we  have  said  in  respect  to  the  influence 
of  winds  oyer  temperature,  we  may  easily  explain  these 
phenomena, — the  pressure  is  preai  with  cold  winds,  feeble 
with  warm  winds.  If  the  air  is  cooled  with  north  winds,  it 
contracts,  the  limits  of  the  atmosphere  fall,  and  the  hot  air 
flows  in  from  all  sides,  and  hence  the  rise  of  the  barometer. 
If  the  air  is  heated  by  south  winds,  it  ascends  and  flows 
away  in  all  directions.* 

INFI.UBNCE  OF  THE  ROTATION  OF  THE  WINDS 
ON    THE   HEIOHT   OF    THE    BAROMETER. -^  In   the 

researches,  of  which  we  have  given  the  results  in  the  pre- 
ceding table,  no  attention  has  been  paid  to  the  hour  of  the 
day,  except  that  for  Paris  and  Halle  I  have  chosen  the  hour 
of  noon.  However,  on  considering  that  in  our  climates 
the  wind  presents  a  regular  and  constant  rotation,  we  ought 
to  discover  this  regularity  in  the  oscillations  of  the  bi^- 
meter,  as  we  have  formerly  found  it  in  those  of  the  ther- 
mometer and  the  hygrometer.  M.  DoTe  arrived  at  this 
result  by  comparing  the  observations  made  at  Paris  at 
9  A.M.  and  9  p.m.  ;  my  own  observations  at  HaUe,  when 
compared  hourly,  lead  to  the  same  results.  I  inquired 
what  was  the  pnncipal  direction  of  the  wind  for  each  day, 
and  I  calculated  the  mean  height  of  the  barometer  for  each 
hour  of  the  day;  I  then  subtracted  this  mean  from  the 
general  pressure  observed  at  this  hour  with  any  particular 
wind.  In  the  following  table,  the  sign  +  means  that  the 
barometer  was  above  the  general  mean ;  the  sign  — ,  that  it 
was  below  it.    However,  I  should  observe  that  the  absolute 

*  M.  DovB,  according  to  the  nnall  nuinber  of  exjatlng  meteondogleal 
obaenrations.  Inquired  what  might  be  the  influence  of  the  direction  of  the 
wind  oTer  the  height  of  the  barometer  in  the  southern  hemisphere,  and  over 
the  temperature  and  the  humidity  of  the  air.  The  examination  of  the  re- 
^deters  of  the  ship  la  Princesse  Louise,  and  the  accounts  gi?«n  by  Captains 
rtn&oT  and  Wendt,  have  led  to  the  following  conclusions  :— 

1st.  The  barometer  rises  with  west,  S.W.,  and  south  winds ;  it  attains  its 
nuutimum  height  when  the  wind  blows  from  the  S.E.,  it  then  falls  when  the 
wind  passes  to  the  east,  the  N.E.,  and  the  north ;  its  mmtmum  height  oorre> 
spends  to  the  N.W. 

Sd.  The  temperature  and  the  tension  of  aqueous  vapour  diminish  with 
west,  8.W.,  and  south  winds ;  they  attain  their  minhnvm  when  they  blow 
tnm  the  8.E. ;  they  then  augment  with  the  east,  the  N.E.,  and  the  north, 
to  attain  their  marhmmt  when  the  wind  is  at  N.W.  —  (ScHUiiACBn's 
Jimmairetat  1841,  p.  317.) 
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value  of  these  differences  ia  not,  perhaps,  rigorously  exact ; 
for  the  researches  on  the  winds  embrace  a  period  of  only 
four  years ;  the  general  mean,  on  the  contrary,  was  deducea 
from  eleven  years  of  observations,  namely,  from  1827  to 
1838,  but  in  this  period  there  are  likewise  blanks  of 
several  months. 
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In  this  table  we  clearly  recognise  the  influence  of  the 
rotation  of  the  wind,  it  generalTy  turns  from  the.  north 
to  the  N.£. ;  we  may  Sao  remark  that  the  barometer 
almost  always  rises  during  the  days  when  the  wind  blows 
from  the  north,  so  that  its  height,  after  a  deduction  is  made 
for  the  diurnal  oscillation,  is  about  two  millimetres  greater 
at  10  P.M.  than  at  6  a.m.  As  the  pressure  attams  its 
maximum^  when  the  wind  is  in  the  N.E.,  we  find  that 
the  barometer  changes  but  little  during  the  day.  However, 
long  series  of  observations  might  permit  us  to  appreciate  its 
rise  from  morning  tUl  noon,  and  its  fall  till  evenmff ;  for  it 
fre^uentlv  happens  that  the  wind  blows  from  the  north 
dnnng  the  morning,  from  the  N.E.  at  noon,  and  from 
the  east  in  the  evenmg.  I  have  placed  my  observations  of 
this  kind  in  the  column  ^.E. ;  in  the  morning  the  barometer 
rose,  it  fell  in  the  evening.  The  wind  continuing  to  turn 
passes  to  the  east,  the  S.E.,  and  the  south,  and  the  pressure 
goes  on  diminishing;  so  that  the  barometer  falls  imtil  it 
attains  its  minimum  with  the  S.W.  wind.  The  barometer 
then  remains  stationary  throughout  the  day,  only  at  noon 
it  is  a  little  lower  than  in  the  morning  and  evening. ,  If 
it  passes  from  the  west  to  N.W.  and  the  north,  there  is  an 
increase  in  the  pressure  which  may  be  appreciated  in  the 
course  of  the  day. 

The  oscillations  of  the  barometer  depending  on  the 
direction  of  the  wind  explain  to  us  the  anomalies  that  we 
observe  between  the  cards  of  barometric  winds  in  places  that 
are  very  near  together.  If  we  choose  as  the  elements  of  the 
calculation  the  morning  observations,  the  maximum  ap- 
proaches the  N.E.,  the  minimum  the  S.W. ;  if  we  take  those 
of  the  evening,  the  maximum  approaches  the  north,  the 
minimum  the  south.  The  differences  presented  by  the  diur- 
nal oscillations  of  the  barometer  in  the  same  month,  con- 
sidered in  different  years,  recognise  the  same  cause.  If  in 
any  month  the  west  winds  have  been  predominant,  the 
minimum  will  take  place  a  little  earlier  in  tne  afternoon,  the 
maximum  a  little  later  in  the  evening,  than  in  the  mean  of 
observations  comprising  a  great  number  of  years.  More- 
over, the  evening  maximum  exceeds  that  of  the  morning, 
whilst  the  contra^  is  the  case  with  east  winds.  We  must 
not  forget  that,  in  order  to  recognise  the  principal  points  of  a 
barometric  card,  one  year  or  even  a  few  months  are  suffi- 
cient ;  but,  to  determine  them  rigorously,  prolonged  obser- 
vations are  required :  for,  if  the  S.W.  winds  predominate 
during  a  month,  the  barometer  remains,  for  tne  few  days 


292 


WEIGHT  OF  THS  ATM08PHBBE. 


that  the  east  winds  blow,  below  the  habitual  mean  that 
corresponds  to  these  winds. 

CORREBPONDINO  BikBOMETRIC   HBIGHTB  FOR 

DIFFBRENT  Pl«ACE8. — ^Barometric  oscillations  in  general 
describe  curves  that  are  sensibly  parallel,  when  they  are 
studied  for  places  that  are  not  very  far  distant  from  eadi 
other;  but,  at  great  distances,  the  barometer  may  rise  in 
one  place  and  fall  in  another.    Neighbouring  places  also 

{>resent  differences  that  are  easily  appreciate  by  calcu- 
ating  their  differences  of  level  by  means  of  those  of  the 
barometric  columns.  I  have  taken  the  difference  of  level 
between  Halle  and  Paris,  and  between  Halle  and  Zurich, 
and  I  have  arranged  them  according  to  the  winds  that  prevail 
at  a  mean  in  North  Germany.  The  years  of  observations 
furnish  me  with  the  followmg  differences  with  regard  to 
the  general  mean : — 


VARIATIONS  OF  THE  DIFFERENCES  OF  USVEL  CAIX-ULATED  BT  THE 
BAROMETER,  ACCORDING  TO  THS  DIFFERENT  WINDS. 

TOWNS. 

N. 

N.E. 

E. 

S.E. 

8. 

S.W. 

W. 

N.W. 

Berlin. 

Paris. 

Zurich. 

m. 

+  2,9 

+  8,2 
+25,7 

m. 

-9,7 
+22,0 
+42,9 

m. 
—14,4 
+26,7 
+36,1 

m. 
—14,2 
+  35,5 
+27,8 

m. 

—  6,8 
+23,8 

-  6,2 

m. 
+   1,7 
-  6,6 
—21,4 

m. 
+  7,0 
—25,0 
—24,0 

m. 
+  10,1 
—24,3 
-13,8 

{Vide  Appendix,^.  33.) 

These  quantities  were  obtained  by  comparison  with  the 
general  mean.  If  we  suppose  all  these  points  at  a  level 
with  Halle,  the  siffn  +  means  that  the  place  is  situated 
above  this  level ;  the  sign  — ,  that  it  is  below.  Or  else,  if 
we  regard  the  height  of  the  barometer,  +  signifies  that  the 
barometer,  supposing  it  on  a  level  with  that  at  Halle,  is 
lower  than  in  the  town,  while  the  sign  —  indicates  the 
reverse.  From  the  preceding  table,  the  following  may  be 
deduced : — 

DIFFERENCES    OF    BCAXJMUM    LEVEL   OBTAINED    WITH    THS 
BAROMETER  ACCOBDINQ  TO  THE  DIFFERENT  WINDS. 

Berlin    .£.12**  S.  — 15'»,73    W.  32<'  N.  +    9%93 
Paris      .    S.E.  +33  ,30    W.  15   N.  —  29  ,74 

Zurich   .    N.   62^  E.  +44  ,31     S.    70  W.  —  27  ,57 
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The  geographical  poBition  has  also  an  immense  influence, 
as  the  example  of  Zurich  proves.  These  differences  are 
oonnected  with  great  laws,  which  cannot  be  established 
except  by  comparing  a  great  number  of  places.  If  we 
arrive  at  this  result,  that  the  winds  are  engendered  by  an 
increase  of  pressure  in  the  countries  whence  they  come, 
we  might  establish,  as  well  as  the  insufficiency  of  the 
materials  at  our  disposal  permits  us,  that  these  inequalities 
in  the  height  of  the  barometer  arise  from  differences  of 
temperature.  Thus,  let  us  take  a  period  during  which  the 
soutn-east  wind  blows  at  Halle,  and  compare  the  tempera- 
tures of  the  different  places  in  Europe ;  if  we  make  the 
corrections  required  by  the  differences  m  mean  temperature, 
supposing  that  all  Europe  has  the  same  mean  temperature 
as  Halle,  we  shall  find  tnat  Vienna  and  Prague  are  2^  or  3° 
colder  than  Halle;  Breslau,  1°  or  2^;  Konigsberg  and 
Memel  have  the  same  temperature ;  in  many  towns  in  Eng- 
land the  air  is  2°,  and  at  St.  Petersburg  4%  warmer  than  at 
Halle.  Consequently,  at  the  east  and  the  south  of  Halle 
the  cold  is  more  intense ;  the  pressure,  therefore,  increases, 
and  the  wind  blows  from  the  south-east. 

Other  philosophers  who  have  studied  the  same  subject 
have  arrived  at  very  discordant  results.  Thus,  Brandes 
found  that  the  height  of  Saint- (^othard  above  that  of 
Geneva  was  equal  to  the  mean  with  the  south-east  winds, 
whilst  it  was  too  great  with  the  north- we^  winds ;  which 
accords  tolerably  well  with  a  result  that  t  found,  by  com- 

Sring  my  barometric  observations  at  Halle  with  those  of 
.  Maedier  at  Berlin.  The  two  directions  given  by  the 
extreme  differences  of  level  are  sensibly  perpendicular  to 
the  line  joining  the  two  stations.  Ramond  convinced  him- 
self that  the  greatest  difference  between  Paris  and  Clermont- 
Ferrand  coincides  with  the  north  vrind ;  the  least  coincides 
with  the  south  wind ;  that  is,  with  winds  whose  direction  is 
parallel  to  the  line  joining  the  two  stations.  This  result  is 
directly  opflosed  to  those  that  we  have  hitherto  related. 
We  snould  not  forget  that  Ramond  did  not  consider  the 
four  cardinal  winds;  then,  were  his  places  well  chosen? 
Paris  participates  in  the  ascending  currents  of  mean  Europe ; 
Clermont,  on  the  contrary,  belongs  to  the  zone  of  Mediter- 
ranean dimates  that  are  influenced  by  the  great  current  of 
Sahara.  Unfortunately,  I  have  not  around  me  in  Germany 
a  sufficient  number  of  correspondent  observations  to  enable 
me  entirely  to  throw  light  on  this  subject. 
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ACCIDBNTAIi    DIUKNAIi    08GIZ>LATI0N8.— They 

are  dependent  on  the  seasons,  the  geographical  position,  and 
the  winds ;  in  order  to  recognise  meir  connexion  with  tem- 
perature, it  would  he  well  to  follow  the  harometric  oscilla- 
tions from  one  observation  to  the  observation  of  the  next 
day,  that  corresponds  to  the  same  hours,  comparing  them 
with  those  of  the  temperature.  I  have  made  this  tedious 
calculation  for  a  great  many  places,  and  have  deduced  from 
them  the  following  tables : — 
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Bio- Janeiro,  which  occupies  a  place  in  this  table,  being 
in  the  southern  hemisphere,  I  have  placed,  in  the  month  of 
January,  the  values  found  for  July ;  in  that  of  February, 
those  for  August,  &c.  The  influence  of  the  seasons  is  very 
evident ;  thus,  the  oscillations  are  always  smaller  in  summer 
than  in  winter.  Calcutta,  the  calculations  for  which  rest 
on  the  observations  of  a  single  year,  forms  the  only  excep- 
tion to  the  rule.  If  long  series  made  in  India  should  lead 
to  the  same  result,  it  must  be  attributed  to  the  influence  of 
the  south-west  monsoon,  which  often  brings  violent  storms. 

This  fact  is  intimately  connected  with  accidental  varia- 
tions of  temperature ;  for,  if  we  seek  for  the  difference  of 
temperature  observed  at  the  same  hours,  we  shall  find  that 
they  are  smaller  in  summer  than  in  winter ;  principally  so, 
if  we  take  the  mean  difference  of  localities  that  are  near 
each  other,  but  very  unequally  elevated  above  the  level  of 
the  sea.  In  summer,  the  mean  temperature  decreases  with 
the  latitude  much  faster  than  in  winter ;  and,  if  the  winds 
bring  masses  of  air  from  a  distant  place,  their  difference  of 
temperature  will  be  less  than  in  whiter :  and  hence  the  lesser 
differences  of  pressure.  For  the  same  reason  the  aodidental 
oscillations  are  much  feebler  at  the  ecjuator,  because  the 
variations  of  temperature  are  less  extensive;  and,  on  a  given 
space,  the  difference  between  the  maxima  and  the  minima 
means  increases  with  the  latitude.  The  columns  of  Saint- 
Bernard  and  Saint-Grothard  also  prove  that  these  oscillations 
have  less  amplitude  the  higher  we  rise  in  the  atmosphere ; 
they  diminish  ahnost  in  the  same  progression  as  the  mean 
heights  of  the  barometers. 

MONTHiiY  EXTREMS8.  —  If,  in  a  long  series  of 
observations,  we  look  for  the  difference  between  the  maxi" 
mum  and  the  minimum  of  each  month,  we  shall  not  only 
find  the  influence  of  seasons,  of  which  we  have  already 
spoken,  but,  thanks  to  the  number  of  observations  coming 
from  all  countries,  we  may  also  calculate  the  differences  of 
these  oscillations  in  different  climates.  The  following  table 
presents  the  mean  monthly  oscillation,  as  well  as  the  mean 
oscillations  of  winter  and  summer.* 

*  The  mean  of  the  monthly  osoUltttloRi  obfeired  at  Boeekop  (Utitade 
69"  580>  during  the  six  months  of  the  winter  of  1888-9,  is  equal  to  88*>,52 1 
it  has  almost  the  same  ralue  as  at  Umeo,  a  town  situated  6**  more  to  the 
south. — M: 
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TOWNS. 


Moscow 

Sltcha  

Sagan    

Fort  Clnirchill 

Berlin    

Hamburg 

New  Hayen(Coimecticat) 

Penzance 

Brussels    

Cambridge  (Massachus.)- 

New  Bedford  

Gottingen 

lakoutsk 

Tomsk 

Catarinenburg 

Bristol 

The  Hague 

Copenh^n 

London 

Franecker 

Gosport 

Middleburg 

Ilonlouk    

St.  Petersburg 

Torneo 

Stockholm    

Abo    

Upsal 

Bergen 

Nain  (Labrador) 

Umeo 

Christiania   

Naes  (Iceland) 


LATI- 
TUDE. 


55''46'N. 

57  3 

51  42 

58  47 

52  31 

53  33 

41  10 

50  12 
52  31 

42  23 
41  59 

51  32 

62  2 

59  39 
66  50 

51  27 

52  5 
55  41 

51  31 

52  36 

50  48 

51  30 

53  53 
59  56 
65  51 

59  21 

60  27 

59  52 

60  24 
57  8- 

63  50 
59  55 

64  30 


LONGI- 
TUDE. 


35M2'3e* 

140  20  24 

13  1  36 

96  24  24 

11  1  36 

7  38  36 

74  50  24 

7  52  24 

2  1  36 

74  37  24 

74  10  24 

7  34  36 
127  21  36 

80  49  36 

58  14  36 

55  24 

58  36 

13  36 

20  24 

58  36 

26  24 

16  36 

170  49  24 

27  58  36 

21  49  36 
15  42  36 
19  59  36 

18  36 
00  36 
63  40  24 
17  54  36 

8  28  36 

22  35  24 


4 
1 
10 
2 
1 
3 
1 


15 
3 


YEAR. 


nun. 

24,05 

24,50 

24,57 

22,76 

25,24 

25,38 

25,29 

25,42 

25,65 

25,65 

25,65 

25,74 

25,92 

26,01 

26,64 

26,73 

26,94 

27,77 
27,88 
27,93 
28,69 
28,99 
28,99 
29,24 
29,75 
29,87 
29,96 
30,16 
31,27 
32,35 
32,39 
33,05 
35,91 


WIN- 
TER. 


mm. 

31,31 

25,83 

31,42 

30,72 

33,07 

32,19 

33,18 

33,32 

32,64 

32,35 

33,45 

32,01 

25,72 

31,58 

34,81 

34,13 

34,90 

34,49 

35,15 

34,15 

34,76 

38,44 

34,88 

36,93 

38,42 

37,97 
37,20 
36,88 
37,13 
40,61 
39,50 
41,87 


SUM- 
MER. 


nun. 

15,59 

17,19 

16,58 

18,79 

17,33 

17,21 

14,46 

18,68 

18,90 

17,17 

16,51 

17,65 

20,39 

17,66 

19,67 

19,92 

18,34 

20,03 

20,32 

22,26 

21,14 

20,03 

19,22 

19,97 

21,61 

22,11 

19,76 

21,43 

22,74 

24,43 

22,06 

22,06 


These  numbers  are  only  approximate,  for  it  is  rare  that 
observers  have  noted  the  real  extremes;  but  their  data 
approach  nearer  to  the  truth,  and  the  differences  are  greater, 
as  the  daily  observations  have  been  more  multiplied.  Hovr- 
ever,  we  may  draw  from  these  materials  certain  general 
inductions.  We  clearly  see  that  the  amplitude  of  the  acci* 
dental  variations  increases  as  we  recede  from  the  equator, 
and  we  may  appreciate  the  influence  of  geographical  posi- 
tion. Although  India  is  situated  under  the  same  parallel 
as  the  Antilles,  yet  the  oscillations  are  much  greater.  In 
higher  latitudes,  other  relations  are  found.  The  accidental 
variations  are  much  more  extensive  on  the  east  coast,  of 
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America  than  on  the  west  coast  of  Europe  :  the  maximum 
of  difference  is  found  at  the  point  where  the  Gulfstream 
turns  to  the  east,  and  where  the  isothermals  are  very  near  to 
each  other.  Thus,  in  the  State  of  Massachusets  (42°  N.),  the 
oscillations  have  the  same  amplitude  as  they  have  at  10° 
more  north  in  Western  Europe;  hut,  in  penetrating  into 
the  interior  of  the  old  continent,  they  continue  diminishing, 
and  appear  to  increase  anew  on  the  east  coast  of  Asia. 
Thus,  tneir  amplitude  is  the  same  at  Gottingen  (latitude  51° 
32'  N.,  longitude,  7^  36'  E),  Tomsk  (latitude,  56°  29'  N. 
longitude,  82""  50^  E),  and  lakoutsk  (latitude,  62°  2'  N.,  lon- 
gitude, 127°  24'  E). 

On  the  west  coast  of  America,  the  oscillation  is  the  same 
in  equal  latitudes  as  that  part  of  the  corresponding  coast  of 
Europe,  as  is  proved  hy  the  observations  made  at  Sitcha  and 
Ilounouk ;  in  the  interior  of  America  it  is  less  than  on  the 
coasts.  If  we  join  b^  lines  the  places  where  the  amplitude 
is  the  same,  we  obtain  isobarometric  curves.  I  understand 
by  isobarometric  line  of  4'^'^,51,  for  example,  that  which 
passes  through  all  the  points  in  which  the  mean  difference 
between  the  monthly  extremes  is  4'B">,51. 

ISOBAROMETRIC  UNES.— If  we  deduce  from  the 
observed  barometric  amplitudes  the  latitudes  where  the 
isobarometric  lines  cut  the  meridians,  we  shall  construct  the 
following  table : — 

ISOBABOMETRIC  LINES. 


MEAN 

MOMTHLT 

OSCIIXATION. 

mm. 

4,51 

9,02 
13,54 
18,05 
22,56 
27,07 
31,58 
36,09 


EAST 
AMEEICA. 

WEST 
EUBOPE. 

GEBMANT 

AND 

IT  ALT. 

BU88IA 

IN 
EUROPE. 

INDIA 
AND 
SIBERIA. 

15°  33' 

15°  9' 

21^15' 

23^  36' 

.... 

23  56 

26  17 

29  38 

31  51 

23°  36' 

30  27 

34  4 

36  43 

39  2 

35  29 

36  14 

42  14 

43  18 

45  51 

46  34 

41  40 

47  8 

49  48 

52  43 

57  55 

46  58 

51  4 

56  34 

60  5 

72  23 

52  21 

57  47 

64  6 

68  50 

•  •  •  • 

58  1 

65  22 

73  48 

83  38 

•  •  •  • 

The  following  is  the  conversion  of  these  figures  into 
ordinary  language: — Ist.  The  osclUations  of  the  barometer 
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are  very  small  at  tbe  equator ;  if  we  could  calculate  them 
so  as  entirely  to  eliminate  the  dinmal  yariation,  we  should 
find  that  they  are  2*<"  at  most  In  the  Indian  Siea  they  are 
twice  as  mat,  which  is  dne  to  the  disturbances  brought 
about  in  the  atmosphere  by  the  monsoons. 

The  isobarometric  line  of  4*",51,  cuts  the  coast  of  North 
America  in  the  Bay  of  Honduras;  it  is  then  determined 
directly  toward  the  east,  reaches  Afirica  at  the  north  of  Cape 
Verd,  then  rises  toward  the  north,  traverses  Egypt,  and 
afterwards  descends  toward  the  equator,  which  it  reaches  a 
little  to  the  west  of  the  meridian,  under  which  the  point  of 
the  Indian  peninsula  is  situated.  In  the  southern  hemi* 
sphere  it  again  directs  its  course  toward  the  west. 

The  isobarometric  line  of  9"*,02  cuts  the  east  coast  of 
America  at  the  east  of  Zacatecas ;  it  then  rises  toward  the 
north,  reaches  the  west  coast  of  Africa  between  Cape 
Bojador  and  the  Canaries,  traverses  the  north  part  of  Fezzan 
and  the  Delta  of  the  Nile ;  it  then  passes  between  Bagdad 
and  Bassora,  inclines  greatly  toward  the  south,  and  termi- 
nates near  Calcutta. 

The  isobarometric  line  of  13"*,54  touches  the  north 
part  of  the  Gulf  of  Mexico,  reaches  the  old  continent  in  the 
north  part  of  the  kingdom  of  Fexy  traverses  Sicily,  attains 
its  most  northern  point  in  the  neighbourhood  of  the  Caspian, 
and  at  the  east  descends  toward  ^e  south. 

The  isobarometric  line  of  18"*,05  cuts  the  southern  part 
of  the  Bay  of  Chesapeake ;  it  then  rises  abruptly  toward  the 
north,  passes  by  the  northern  part  of  the  Spanish  peninsula; 
and  this  movement  toward  the  north  i^pears  to  continue 
even  into  the  interior  of  Asia. 

The  isobarometric  line  of  22"",56  cuts  the  east  coast  of 
America  in  the  neighbourhood  of  Boston,  the  west  coast  of 
Europe  at  the  north  of  the  mouth  of  the  Loire ;  continues  to 
rise  toward  the  north,  and  attains  its  northern  limit  in  the 
neiffhbonrhood  of  Krasnojarsk  in  Siberia.  From  this  point 
it  Ascends  again  toward  the  south. 

The  isobarometric  line  of  27"*,07  cuts  the  east  coast  of 
America  in  the  State  of  New  Brunswick,  reaches  Europe  in 
the  neighbourhood  of  London,  traverses  southern  Sweden, 
passes  Iwtween  Novogorod  and  St  Petersburg,  and  appears 
to  reach  the  Frozen  Ocean  in  the  neighbourhood  ot  Cape 
Taimura.  In  the  interior  of  America  it  passes  sevend 
degrees  to  the  north  of  Fort  Churchill,  then  inclines  toward 
the  south  as  it  advances  westward,  and  appears  to  be  pro- 
longed several  degrees  to  the  north  of  Sitcha,  since  in  this 
point  the  mean  monthly  oscillation  is  only  25"":  but  it 
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then  directs  its  course  toward  the  south-west,  and  leaves 
Ounalaschka  in  the  north,  where  the  oscillation  is  29'*'". 

The  isoharometric  line  of  31  ■"",58  passes  through  the 
southern  part  of  Lahrador,  the  northern  part  of  Scotland 
and  southern  Norway;  it  passes  to  the  north  of  Saint- 
Malo,  and  is  prolonged  towiml  the  north. 

Although  we  are  not  in  possession  of  any  long  series  of 
horometric  ohservations  in  the  north,  yet  tne  d&ection  of 
the  lines  shews  that  they  return  on  themselres,  like  the 
isothermals,  and  form  two  different  systems.  The  centre  of 
these  two  systems,  or  the  poles  of  the  irregular  osdllations 
of  the  barometer,  are  not  found,  like  the  poles  of  cold,  on 
the  two  continents,  but  they  are  placed  in  the  ocean  by 
which  they  are  separated. 

In  the  south  of  Africa  and  in  New  Holland,  the  size  of 
the  oscillations  is  the  same  as  in  western  Europe ;  but,  in 
their  course  fh>m  the  Cape  of  Crood  Hope  to  New  HoUand, 
these  lines  appear  to  approach  the  equator :  this  is  in  con- 
sequence of  tne  agitation  of  the  air  in  the  Indian  Sea. 

When,  in  1831, 1  made  known  in  my  Treatise  onMeteoT' 
ology  the  direction  of  the  isoharometric  lines  deduced 
from  existing  facts,  I  announced  that  this  attempt  should  be 
considered  merely  as  the  prelude  to  a  more  extensive  work. 
I  am  forced  to  repeat  this  observation  in  the  present  place. 
The  variability  of  the  elements  of  a  calculation  of  this  kind 
demands  a  great  number  of  observations,  made  in  localities 
very  near  to  each  other.  Now,  if  the  known  barometric 
series  are  sufficient  for  Europe,  they  are  not  so  for  other 
parts  of  the  world.  Since  I  published  this  work,  we  possess 
a  still  greater  number  of  observations ;  however,  their  in- 
crease has  not  been  such  as  to  change  notably  the  results 
that  have  been  obtained. 

De  Sansaure,  who  has  contributed  so  much  to  the  pro- 
gress of  Meteorology,  mid  that  every  hypothesis  intended  to 
explain  barometric  oscillations  ought  to  give  an  account  of 
their  increase  with  the  latitude.  The  connexion  existing 
between  dianges  of  temperature  and  changes  of  pressure 
accounts  for  this  increase,  and  for  the  curving  of  the  isoha- 
rometric lines.  Thermometric  variations  arise,  as  we  have 
previously  mentioned,  from  the  winds  mixing  strata  of  air 
of  different  temperatures,  and  transporting  these  masses 
from  the  north  to  the  south,  and  from  the  south  to  the 
north.  The  more  we  recede  from  the  equator,  the  more 
does  the  mean  temperature  of  the  years  and  of  the  seasons 
vary  for  a  given  latitudinal  distance.  The  mean  tempera- 
ture of  the  equator  is  27^,5 ;  that  of  Teneriffe,  2r,7  :  thus, 
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for  a  difference  in  latitude  of  28°  Si/^  the  difference  in  tem- 
perature is  only  5^8.  But,  if  we  go  from  Teneriffe  to  Edin- 
burgh, the  mean  of  which  is  8^,6,  we  shall  have,  for  the 
same  difference  in  latitude  (28°),  a  difference  of  13°,1  be- 
tween the  mean  temperatures  of  these  two  points.  Add  to 
this,  that  Edinburgh  is  under  a  meridian  remarkable  for  the 
elevation  of  its  temperature.  If  we  had  chosen  a  town  situated 
in  the  interior  of  the  continent,  the  difference  would  have 
been  still  greater.  Let  us  admit,  for  simplicity's  sake,  that  a 
country  receives  air  coming  from  two  others,  situated  one 
to  the  north,  the  other  to  the  south,  but  equidistant  in  lati- 
tude ;  the  difference  of  temperatures  will  be  greater  as  these 
places  are  further  from  the  equator,  and  the  barometric 
oscillations  will  increase  in  the  same  ratio.  In  high  lati- 
tudes we  have  sudden  changes  in  the  direction  of  the  wind, 
the  aspect  of  the  sky,  and  the  height  of  the  barometer. 
Between  the  tropics,  the  trade- winds  throw  into  circulation 
an  air,  the  temperature  of  which  is  uniform :  the  ther- 
mometer, therefore,  remains  almost  stationary;  and  the 
mean  temperatures  of  the  same  month,  considered  for  seve- 
ral different  years,  vary  much  less  than  in  the  high  latitudes. 
We  shall  not  find  notable  variations  in  the  barometer 
except  in  latitudes  such  as  the  Indian  Sea,  where  changes 
in  the  direction  of  the  winds  bring  about  correspondmg 
changes  in  temperature. 

When  the  mean  temperature  of  the  air  changes  very 
rapidly  under  the  same  parallel,  then  the  barometric  oscil- 
lations are  greater  than  in  the  contrary  case.  The  summit 
of  the  curve  of  the  isothermals  passes  through  the  west  of 
England ;  but  if  we  could  determine  the  mean  temperature 
of  points  situated  on  the  sea,  by  turning  to  account  the  innu- 
merable observations  made  by  nautical  men,  it  is  then  pro- 
bable that  the  summit  would  be  carried  into  the  Atlantic 
Ocean.  Thus,  then,  the  changes  of  temperature  due  to  the 
alternation  of  N.E.  and  S.W.  winds  ought  to  be  more  no- 
table in  the  British  isles  than  in  the  interior  of  the  conti- 
nent ;  the  barometric  oscillations  are  also  more  marked  in 
England.  The  same  phenomenon  occurs  on  the  east  coast 
of  America,  where  the  warm  air  of  the  Gulfstream,  and  the 
winds  evolved  in  the  icy  solitudes  of  Canada,  determine  con- 
siderable variations  in  the  temperature. 

The  direction  of  these  winds  tends  to  exaggerate  these 
variations ;  when  the  S.W.  winds  blow  in  Europe  during 
winter,  thev  not  onl^  act  by  virtue  of  their  high  temper- 
ature, which  determmes  a  notable  diminution  in  the  pres- 
sure, but  at  the  same  time  the  sky  being  habitually  over- 
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cast  Opposes  radiation  from  the  ground,  which  becomes 
heated  on  the  surface :  thus  the  air  passes  away  in  greater 
proportion  to  the  higher  regions  than  if  the  vapours  were 
not  condensed  into  clouds.  Beciprocally,  when  the  winds 
blow  from  the  east,  the  sky  is  serene,  and  the  cooling  of  the 
ground  very  considerable;  whence  arises  an  increase  of 
pressure.  In  the  interior  of  the  continent,  whither  the 
sea-breezes  arrive,  loaded  with  a  less  quantity  of  vapour, 
the  sky  is  generally  more  pure,  the  heating  of  the  ground 
less  marked,  and  the  barometer  more  tranquil. 

From  this  fact,  that  the  decrease  of  temperature  with 
latitude  is  more  rapid  as  we  recede  farther  from  the  equator, 
a  second  consequence  may  be  drawn.  If  we  admit  that  the 
two  winds,  which  cause  the  barometer  to  rise  and  fall,  al- 
ways bring  air  coming  from  countries  situated  in  the  cir- 
cumference of  a  circle,  at  the  centre  of  which  the  observer 
is  placed,  we  can  comprehend  that  for  hot  winds  blowing 
from  the  south  the  barometer  falls  less  below  the  mean 
than  it  rises  by  north  winds,  which  are  relatively  colder. 
As  all  these  changes  oscillate  about  the  mean,  the  barometer 
ought  to  fall  more  slowly  than  it  rises ;  observation  confirms 
this  anticipation.  If  we  calculate  the  cases  in  which  the 
barometer  rises,  setting  out  from  any  hour  to  the  same  hour 
of  the  next  day,  this  number  is  to  that  of  the  case  in 
which  it  falls  as  10:11 ;  that  is  to  sa^,  that  the  time  re- 
quired by  the  barometer  to  rise  a  certain  quantity  is  to  that 
during  which  it  falls  the  same  quantity  as  10  :  1 1 .  Now,  as 
it  rises  with  north  winds,  the  latter  draw  along  a  mass  of 
air  proportionate  to  that  which  the  south  winds  can  draw  as 
11  :  10.  This  fact  explains  to  us  a  circumstance,  in  the 
table  of  the  relations  of  the  winds  (p.  48),  that  is  difficult  of 
comprehension.  We  have  found,  indeed,  that  the  north 
winds  blow  less  fr^uently  than  the  south,  in  the  relation  of 
10  :  11,8 ;  if,  then,  they  draw  along  as  much  air  as  those  of 
the  north,  the  atmosphere  would  finally  be  carried  towards 
the  pole :  but  we  have  just  seen  that  the  north  winds,  com- 
pared with  those  of  the  south,  draw  along  a  mass  of  air 
greater  in  about  the  same  proportion,  namely,  as  10  :  11,3. 

STATE   OF  THE  BAROMETER  DURING  RAIN.— 

Toiicelli  had  long  ago  remarked  that  the  barometer  was 
low  at  the  approach  of  rain ;  it  is  admitted  as  positive  that 
the  diminution  of  pressure  ought  to  bring  rain ;  whilst  the 
weather  ou^ht  to  remain  fine,  as  long  as  the  barometer  is 
high.  If  this  coincidence  did  not  occur,  then  would  there  be 
lamentations  without  end  on  the  inaccuracy  of  barometers 
in  general,  or  of  accusations  against  him  who  should  be  par- 
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ticular  in  observing  it.  It  would  be  more  wise  to  lament 
that  a  prejudice  on  this  point  could  become  rooted  in  the 
generabtj  of  minds. 

The  law  that  presides  oyer  all  the  oscillations  of  the  baro- 
meter, which  only  indicate  differences  of  temperature  be- 
tween countries  that  are  not  far  apart,  likewise  finds  an  ex- 
planation here.  If  the  fall  of  the  column  generally  pre- 
cedes rain,  this  is  due  to  the  particular  position  of  Europe ; 
in  fact,  the  S.W.  winds,  which  are  the  warmest,  mi^e  the 
barometer  fall;  they  likewise  bring  rain:  hence  the  ob- 
served coincidence.  The  cold  win£  of  the  N.E.,  on  the 
contrary,  raise  the  barometric  colimm,  and  almost  always 
accompany  a  clear  and  serene  sky. 

For  a  lonff  time,  philosophers  vainly  endeavoured  to 
explain  the  relation  by  which  the  two  phenomena  are  con- 
nected ;  Deluc  was  {he  first  to  point  it  out  in  general  terms, 
and,  although  his  hypothesis  does  not  induce  a  searching  in- 
vestigation, it  is  yet  generally  adopted.  A  cubic  decimetre  of 
the  vapour  of  water  not  being  so  heavy  as  a  cubic  decimetre  of 
air,  Deiuc  explains  all  barometric  oscillations  by  the  greater 
or  less  proportion  of  the  vapour  of  water  contained  in  the 
atmosphere.  Indeed,  when  a  certain  quantity  of  air  absorbs 
a  certain  quantity  of  vapour,  it  expands ;  the  atmosphere  at 
this  point  is  higher  than  in  the  neighbouring  points,  a  part 
of  the  air  passes  away  on  all  sides,  and  the  pressure  of  the 
remaining  part  is  less  on  account  of  the  proportion  of  va- 

Eours  that  it  contains.     This  principle  being  established, 
e  deduces  fh>m  it  a  host  of  consequences,  of  which  the 
following  are  the  most  important : — 

Ist.  When  the  air,  loaded  with  vapours  derived  from 
the  sea,  traverses  the  continent,  the  atmospheric  pressure 
diminishes  throughout  the  whole  of  the  course  it  pursues, 
and  the  barometer  falls.  2d.  If  these  masses  of  moist  air 
accumulate  in  any  country,  the  vapours  finally  rise  into 
the  higher  regions  of  the  atmosphere,  where  they  form 
clouds.  The  Urometer  then  falls  still  lower ;  not  oecause 
the  clouds  diminish  the  weight  of  the  atmosphere,  but 
because  the  proportion  of  vapour  continues  constantly  in- 
creasing. 3a.  The  vesicles  of  the  cloud  finally  collect  to- 
gether, and  then  the  rain  falls.  4th.  When  the  sky  is 
clear  and  the  air  moist,  the  barometer  falls,  if  the  dew  is 
abundant,  ^th.  The  barometer  falls  with  south  and  with 
west  winds,  becaiise  they  bring  to  us  moist  air ;  it  rises,  on 
the  contrary,  under  the  influence  of  dry  east  and  north 
winds ;  it  rains  also  with  the  former,  whilst  it  is  fine  weather 
with  the  latter.    6th.  If  the  sky  is  dear  with  south  winds, 
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or  clouded  with  nortb  winds,  the  barometer  does  not  indi« 
cate  it.  7th.  Should  the  arrival  of  air,  loaded  with  vapours, 
cease  during  rain,  the  latter  then  draws  the  vapours  toward 
the  earth,  tne  dry  air  flows  in  from  all  sides,  the  pressure 
increases,  the  barometer  rises,  and  we  may  conclude  that  the 
rain  will  not  last  long.  8th.  Shotild  the  barometer  begin  to 
rise  merely  because  the  wind  that  is  loaded  with  vapours 
ceases  to  blow,  the  rain  may  then  continue  as  long  as  the 
clouds  are  sufficiently  dense  to  dissolve  into  water ;  but  if 
the  wind  veers  to  tne  N.E.,  this  dry  wind  dissolves  the 
vapour,  and  the  clouds  are  instantly  dissipated.  9th.  When 
the  vapours  that  are  accumulated  in  any  region  ascend  in 
the  atmosphere,  they  condense  into  clouds ;  a  wind  may  then 
rise,  bloynng  only  in  the  higher  regions  of  the  atmosphere, 
and  driving  the  clouds  towards  a  country  where  the  baro- 
meter is  high:  it  wiU  rain  there  witnout  the  mercury 
falling,  because  that  wind  does  not  arrive  loaded  with  va- 
pours. It  therefore  rains  in  this  country  although  the 
Wometer  is  high,  and  it  does  not  rain  in  that  where  the 
clouds  were  formed,  although  the  barometer  is  low.  10th. 
As  the  barometer  indicates  the  state  of  the  entire  column  of 
the  air,  and  the  hygrometer  merely  that  of  the  air  in  the 

Elace  of  observation,  the  range  of  tne  two  instruments  may 
e  very  different.  1 1  th .  Heat  expands  the  air,  and  diminishes 
its  weight;  it  acts  much  more  energetically  on  vapours. 
The  more  the  winter  mean  differs  from  that  of  summer,  and 
the  more  the  proportion  of  the  vapour  of  water  differs  in  the 
two  seasons,  the  greater  also  are  the  barometric  oscillations. 
For  if,  during  summer,  the  air  is  hot  and  at  the  same  time 
loaded  with  vapours,  the  barometer  must  faU :  also  in  the 
north,  where  the  difference  between  the  temperature  of 
winter  and  that  of  summer  is  very  great,  the  barometer 
oscillates  greatly,  whilst  it  is  almost  motionless  in  the  neigh- 
bourhood of  the  equator. 

This  theory  was  received  vrith  much  favour,  because  it 
embraced  the  entire  mass  of  phenomena  better  than  all  those 
that  preceded  it.  However,  its  author  himself  so  modified 
it  subsequently  that  he  did  not  fear  to  maintain  that  the  air 
was  metamorphosed  into  vapours  of  water,  and  even  into 
water  itself,  under  the  influence  of  certain  affinities,  to  pass 
again  into  the  state  of  air  under  different  circumstances. 
Tne  consequences  remained  in  detail  the  same.  But  the 
ftmdamental  idea  of  Delue's  hypothesis  is  contrary  to  the 
most  simple  notions  in  physics  and  chemistry;  for  when 
the  elements  of  the  air  combine,  nitric  acid,  and  not  water, 
is  produced.    De  Sanssnre,  a  fellow-countrjrman  and  con- 
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temporary  of  Deinc's,  had  already  shewn  that  barometric 
oscillations  do  not  depend  solely  on  vapours ;  his  arguments 
have  been  corroborated  by  all  the  subsequent  labours  of 
philosophers  on  this  subject,  and  yet  Delnc's  hypothesis  is 
produced  in  almost  all  treatises  on  natural  philosophy  and 
Meteorology,  from  the  end  of  the  last  century  and  the 
commencement  of  the  present.  De  SansBiure's  objections 
rarely  find  a  place  in  them.  I  think  that,  without  being 
persuaded  of  the  truth  of  Deluc'a  assertions,  his  contem- 
poraries adopted  them  to  avoid  the  labour  of  refuting  them. 
Delne  built  up  a  system  of  Meteorology  easy  of  compre- 
hension and  orexplanation ;  de  Baussiire,  on  the  contrary, 
only  gave  meteorological  fragments,  disseminated  through- 
out his  Traveljt  in  3ie  Alps,  and  his  Essay  on  Hygrametvy, 
It  was  difficult  to  collect  and  to  arrange  them,  in  order 
to  oppose  them  to  Deluc  j  they  preferred  neglecting  them. 

After  having  determined  the  quantity  of  vapour  con- 
tained in  the  air,  at  different  degrees  of  the  thermometer 
and  the  hair-hygrometer,  de  Saussnre  made  known  a  great 
number  of  facts  that  do  not  accord  with  Deltic's  theory ; 
for,  if  vapours  acted  as  he  contended,  the  barometric  vana- 
tions  would  be  enormous.  Suppose,  for  instance,  that  the 
dew-point  was  at  25°,  the  tension  of  the  vapour  would  be  m 
eqmlunio  to  a  column  of  mercury  23°""  in  length ;  if  all 
this  vapour  were  then  precipitated  in  the  state  of  water, 
which  never  happens,  the  barometer  would  rise  the  same 
amount.  But,  m  our  countries,  we  never  observe  such 
difference  in  the  quantity  of  the  vapour  of  water,  whilst 
the  extremes  of  barometric  oscillations  far  exceed  23'°". 
Moreover,  it  is  in  countries  and  in  the  season  where  the 
heat  is  greatest,  and  the  evaporation  very  active,  that  we 
should  oDserve  the  greatest  oscillations,  namely,  in  summer, 
and  in  the  neighbourhood  of  the  equator;  now  experience 
shews  precisely  the  contrary. 

Delnc's  hypothesis  rests  on  a  principle  the  fallacy  of 
which  has  been  proved  by  Dalton,  Oay-lmsMtc,  and  others. 
At  equal  tensions  a  volume  of  moist  air  weighs  less  than  an 
equal  volume  of  dry  air;  but,  when  water  quietly  evaporates 
in  the  open  air,  the  vapours  ascend  through  the  interstices 
of  the  aerial  particles,  without  having  any  influence  by  their 
weight  or  their  elasticity  on  the  movements  of  the  air. 
The  atmospheric  pressure  is,  therefore,  increased  by  the 
weight  of  the  vapour  of  water,  all  other  things  being  equal. 
The  barometer  ought  to  be  higher  in  moist  than  in  dry 
air.  Observation  seems  contrary  to  this  assertion,  since  the 
barometer  irlowest  with  winds  loaded  with  vapours.    But 
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S.W.  winds,  which  bring  rain,  are  also  the  hottest  of  all : 
the^  tend  to  raise  the  barometric  column  by  the  pressure  of 
their  vapour,  and  to  lower  it  by  their  temperature.  This 
last  influence  being  the  more  energetic,  the  pressure  di- 
minishes ;  and  it  is  by  their  temperature  that  sea-breezes  in 
our  climates  make  the  barometer  fall.  In  other  countries 
they  act  differently :  thus  Flinders  has  shewn,  in  a  work 
on  the  barometric  oscillations  on  the  coasts  of  New  Holland, 
that  beyond  the  tropics  the  dry  windS;  blowing  from  the 
shore,  make  the  barometer  fall ;  which  is  very  well  ex- 
plained by  Peron'B  remarks  on  the  high  temperature  of 
these  winds.  At  the  mouth  of  La  Plat^  the  barometer  is 
higher  durins  east  sea-breezes  than  with  west  winds  blowing 
from  the  land. 

In  these  researches,  we  should  in  the  outset  distinguish 
the  state  of  the  barometer  durine  continued  rains  from  that 
which  accompanies  short  and  isolated  showers.  If  the  latter 
are  frequent,  and  are  due  to  clouds  that  approach  the 
zenith,  we  may  calculate  on  the  barometer's  nsmg  several 
tenths  of  a  millimetre ;  this  often  happens  at  the  approach 
of  storms.  Sometimes  the  barometer  falls  again  to  its 
original  height,  when  the  cloud  has  departed.  During 
storms  we  may  affirm  that  the  period  of  their  greatest 
violence  is  passed  when  the  barometer  ceases  to  rise  or 
begins  to  fall ;  this  is  because  the  rain  that  falls  cools  the 
lower  strata  of  the  atmosphere,  and  that  masses  of  air  flow 
in  from  all  parts  toward  this  spot.  It  also  happens  that  the 
barometer  rises  regularly  for  several  da3r8 :  in  this  case  the 
south  winds  have  been  driven  away  by  the  north  winds; 
and,  at  the  place  where  they  meet,  the  mixture  of  strata 
of  air,  of  different  temperatures,  produces  a  condensation 
of  the  vapours;  the  barometer  then  rises,  under  the  in- 
fluence of  these  cold  winds :  we  see  this  during  storms  in 
the  winter.  If  the  storm  comes  from  the  south,  and  the 
barometer  falls,  it  will  rise  again  after  the  first  flashes 
of  lightning. 

fiut  generally,  during  rainy  weather,  the  barometer  is 
about  5"""  below  its  mean ;  a  height  corresponding  to  south 
and  S.W.  winds.  M.  de  Bnch  compart  the  heights  of 
the  barometer  during  rainy  weather  at  Berlin,  and  obtained 
the  following  results : — 
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HEIGHT  OF  THE  BABOMBTEB  AT  BBBLIB  DCBING  BAINT 

WSATHBB. 


nun. 

N. 

754,39 

N.E. 

755,93 

E. 

756,09 

S.E. 

751,26 

S. 

749,16 

S.W. 

750,20 

w. 

753,85 

N.W. 

755,79 

(Vide  Appendix,^.  34.) 

All  these  heights  are  less  than  those  generally  accom- 
panying the  same  winds ;  it  follows  that  we  must  not  expect 
continuous  rain,  except  when  the  harometer  is  helow  the 
height  that  corresponds  to  the  prevailing  ¥rind.  These 
phenomena  are  connected  with  what  we  have  said  respect- 
mg  the  formation  of  rain.  As  soon  as  S.W.  winds  rise, 
there  is  a  diminution  of  pressure,  and  a  formation  of  cirri; 
hut  it  is  only  when  the  wind  continues,  and  the  barometer 
falls  more  and  more,  that  the  quantity  of  vapours  becomes 
of  sufficient  amount  to  fall  in  rain  :  with  these  winds,  also, 
the  height  of  the  barometer  is  less  than  their  general  mean. 
The  same  phenomena  belong  to  north  winds;  as  soon  as 
they  begin  to  blow  the  barometer  rises,  but,  as  they  mix 
witu  an  atmosphere  that  has  been  loaded  with  vapours  by 
the  preceding  west  winds,  they  determine  the  precipitation 
of  rain  by  the  influence  of  their  temperature.  If  they  con- 
tinue blowing,  the  air  dries,  the  barometer  rises,  and  fine 
weather  returns. 

Thus  we  act  correctly  in  marking  the  word  rain,  on 
ordinary  barometers,  at  a  point  situat^  four  or  five  milli- 
metres below  the  annual  mean ;  but  we  should  never  lose 
sight  of  two  circumstances, — ^the  direction  of  the  wind,  and 
the  state  of  the  atmosphere  at  the  moment  of  the  observa- 
tion. 

M.  Dove  has  careAiUy  studied  the  influence  of  the 
wind,  and  I  believe  I  cannot  do  better  than  relate  his  con- 
clusions. He  rests  on  the  theory  of  the  rotation  of  the 
winds  from  the  east,  through  the  south,  to  the  west  (vide 
p.  50) ;  and,  setting  out  with  the  principles  that  he  has 
established,  he  deduces  the  following  conclusions : — 
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1st.  At  the  west  of  the  card  of  winds,  a  cold  succeeds  a 
warm  wind ;  at  the  east,  on  the  contraxy,  a  warm  succeeds 
a  cold :  for  the  N.  W.  is  colder  than  the  west,  and  the  S.£. 
warmer  than  the  south  (mde  p.  159). 

2d.  At  the  west,  the  north  wind,  which  is  heavier,  drives 
away  the  south,  which  is  lighter.  At  the  east,  the  south 
wind  does  not  drive  away  tne  north  wind  so  quickly;  so 
that  the  barometer  falls  more  frequently  than  it  rises ;  but 
it  rises  faster  than  it  falls. 

Sd.  At  the  west  of  the  card  of  winds,  the  elasticity  of 
the  vapour  of  water  of  the  wind  that  follows  is  greater  tnan 
that  of  the  wind  that  precedes ;  it  is  the  contrary  in  the 
east:  the  N.W.  is  not  so  moist  as  the  west;  the  S.£.  is 
more  charged  with  vapours  than  the  east. 

4th.  In  the  west,  the  cold  wind  blows  in  the  lower 
strata,  and  is  substituted,  from  below  upwards,  for  the  soutii 
wind  that  preceded  it ;  in  the  east,  the  warm  wind  arrives 
from  above,  and  is  substituted  for  the  cold  wind  from  above 
downwards.  At  the  same  time,  the  velocity  of  the  wind 
diminishes  in  the  west,  firom  the  south  to  the  north ;  and 
increases  in  the  east,  from  the  north  to  the  south. 

It  follows,  from  these  facts,  that  the  number  of  precipi- 
tations of  aqueous  vapours  (regard  being  paid  to  the  reui- 
tive  frequency  of  the  winds)  is  greater  in  the  west  than  in 
the  east ;  this  is  not  merely  due  to  the  tension  of  the  vapour 
of  water,  for  it  rains  much  more  with  the  west  than  the 
S  J!,  wind,  although  the  elasticity  of  their  vapour  of  water 
is  sensibly  the  same.  In  the  west,  as  a  cold  succeeds  a  warm 
wind,  and  in  the  east,  as  a  warm  succeeds  a  cold,  we  can 
explain  why  it  was  said  that  the  capacity  for  vapour  increased 
in  the  east  and  diminished  in  the  west.  The  rain  will  de* 
pend  on  the  predominance  of  the  moist  or  of  the  dry  wind. 
The  irruption  of  north  winds  in  the  west,  and  the  gradual 
predominance  of  south  winds  in  the  east,  cause  that,  at  the 
west,  there  will  be  a  sudden  mixture  of  strata  of  air  un* 
equally  heated ;  in  the  east,  a  slow  substitution  of  one  wind 
for  the  other.  It  is,  therefore,  between  the  south  and  the 
west  that  we  shall  have  the  greatest  rain,  and  the  least 
between  the  north  and  the  east :  for^  on  account  of  the 
rapid  rotation  from  the  south  to  the  north,  the  differences 
or  the  temperature  of  winds  that  will  mix  in  the  west  will 
be  greater  than  those  of  the  east  wiuds ;  and,  for  the  same 
reason,  rains  will  rise  more  toward  the  north  in  the  west 
region  than  in  the  other.  But,  as  it  is  in  winter  that  the 
temperatures  of  winds  exhibit  the  greatest  differences,  there 
will  be  more  rains  in  winter  than  in  summer ;  and,  at  the 
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same  time,  the  rotation  of  the  wind  will  be  more  rapid :  in 
the  N.£.  it  will  snow  more  frequently  than  it  will  ram. 

If  an  instantaneous  mixture  of  winds  is  a  favourable 
condition  for  the  precipitation  of  aqueous  vapour,  it  will 
follow  that,  during  rain,  the  barometer  ought  to  rise  rapidly 
in  the  west,  and  fall  in  the  east.  The  wind,  it  ia  true,  does 
not  pass  rq^arly  through  all  the  azimuths  of  the  card  of 
winos ;  it  frequently  leans  in  a  contrary  direction,  especially 
in  the  west.  But  it  follows,  from  what  we  have  said,  that 
in  the  west  a  change  in  the  direction  of  the  wind  in  an 
opposite  direction  to  the  normal  rotation  is  rarely  accom- 
panied with  a  precipitation  of  aqueous  vapours ;  in  the  east, 
on  the  contrary,  tne  rare  and  exceptional  changes  in  the 
direction  of  the  rotation  will  be  accompanied  by  rain: 
thus,  with  a  rising  barometer,  we  are  more  likely  to  see 
rain  in  the  east  than  it  will  be  observed  in  the  west  with 
the  falling  barometer.  The  rise  of  the  barometer  during 
the  rainy  wind  will,  therefore,  be  greater  in  the  west  than 
its  mean  rise  for  west  winds.  For  rainy  east  winds,  on  the 
contrary,  the  fall  wiU  be  less  than  the  mean  for  east  winds 
in  general;  but,  on  account  of  the  normal  rotation,  these 
retrograde  steps  must  be  compensated  by  steps  in  advance. 
However,  a  retrograde  range  being  mucn  more  frequent  in 
the  west  than  in  the  east,  it  follows  that  the  fall  of  the 
barometer  with  west  winds  will  indicate  the  approach  of 
rain;  because  the  wind  must  turn  again  to  the  north, — a 
fresh  cause  of  rain  in  the  west  half  of  the  card  of  winds. 
A  continued  rain  is  not  a  single  precipitation,  but  the  fre- 
quent repetition  of  the  same  phenomenon  which  the  vane 
incUcates,  by  turning  constantly  from  the  west  to  the  S.W., 
and  the  barometer  by  continually  oscillating. 

M.  D0T6  proved  the  accuracy  of  his  anticipations  on 
studying  the  Paris  observations,  for  it  follows  from  them 
that  the  barometer  falls  during  rain  with  east  vrinds,  and 
rises  with  west  winds.  The  observations  at  Stockholm 
lead  to  the  same  result.  Taking  as  a  starting  point  the 
wind  that  blows  at  2  p.m.,  I  determined  the  quantity  that 
the  barometer  had  risen  (4-)  or  fallen  ( — )  every  dav  from 
6  A.M.  till  9  P.M. ;  I  calculated  the  same  element  for  the 
days  that  preceded  the  rain,  and  constructed  the  following 
table : — 
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KUMBEB  OF  MILLIMETBE8  WHICH  THE  BABOMETEB  DIFFEB8 
FHOM  ITS  HEIGHT  AT  2  0*CLOCK,  ON  THB  DATS  AND  ON 
THE  EVENINGS  BEFOBE  THE  DAYS  OF  BAIN  AT  STOCK- 
HOLM. 


DAT  BEFORE 

DAY  OF 

WINDS. 

THE  BAIN. 

THE  BAIN. 

mm. 

mm. 

N. 

-1-0,947 

+  1,354 

N.E. 

+0,135 

+0,993 

E. 

-0,023 

—0,925 

S.E. 

—  1,128 

—1,467 

S. 

—0,925 

—1,377 

s.w. 

—1,602 

—0,609 

w. 

+0,293 

+0,496 

N.W. 
Mean. 

-h  0,699 

+2,391 

—0,203 

+0,383 

(Vide  Appendix,^.  35.) 

This  table  proves  decisively  that  at  a  mean  the  baro- 
meter falls  before  rain,  and  rises  when  it  has  fallen ;  but  at 
the  same  time,  during  east  winds,  with  which  the  baro- 
meter falls,  this  fall  is  more  rapid  on  the  day  of  rain  than 
on  that  which  precedes  it.  Something  analogous  occurs 
with  the  fall  for  west  winds. 

The  rapid  rise  which  accompanies  the  rotation  from 
west  to  north  furnishes,  according  to  M.  Dots,  a  sunple 
means  of  finding  the  direction  of  the  rotation  in  a  given 
place ;  ten  observations  with  the  K.W.  are  sufficient  for 
this.  When  we  confounded  the  phenomena  of  the  west 
with  those  of  the  east,  we  always  wished  that  the  barometer 
should  rise  or  fall  before  rain,  and  we  were  thus  involved 
in  an  inextricable  labyrinth  of  contradictions.  When, 
during  the  conflict  of  the  south  and  north  winds  that  blow 
in  the  west  semicircle  of  the  card  of  winds,  all  the  vapour 
in  excess  in  the  former  is  precipitated,  then  the  N.£.  wind 
that  blows  from  a  colder  country  to  a  warmer,  and  the 
capacity  of  which  for  the  vapour  of  water  incessantly  in- 
creases, does  not  precipitate  any  aqueous  vapour  in  the 
state  of  rain;  and  thus  fine  tceather,  or  very  dry,  has 
been  placed  opposite  to  the  point  where  the  barometric 
column  remains  when  this  wind  blows.    If  the  barometer 
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falls,  we  sa^  it  is  going  to  rain ;  we  ought  to  say,  the  south 
wind  is  goin^  to  blow  again.  If  we  understand  by  fall 
before  rain,  tne  time  during  which  the  wind  is  goinff  from 
the  N.E.  to  the  east  and  south,  then,  without  contradiction, 
the  barometer  falls  before  rain.  But  it  is  evident  that  this 
is  connecting  together  two  phenomena,  which  have  no  rela- 
tion together,  and  the  theory  first  given  by  iieibnitB,  and 
then  revived  under  so  many  forms,  will  be  always  incom- 
plete, because,  in  the  case  of  irregular  or  contrary  rotation, 
the  phenomena  are  opposite  in  the  two  semi-circumferences, 
the  east  and  the  west  of  the  card  of  winds. 

In  comparing  the  range  of  temperature  with  that  of 
the  winds,  and  especially  the  range  of  the  instrument  from 
morning  till  evening  with  different  winds  (vide  p.  162). 
M.  DoTe  arrived  at  ue  following  results : — 

In  the  west  semi-circumference  of  the  card  of  winds, 
snow  succeeds  rain ;  in  the  other,  it  is  the  contrary. 

Snow  with  west  winds  announces  fresh  frost,  with  east 
winds  it  precedes  heat.  The  proverb,  fresh  snow^  Jresh 
cold,  is  true ;  for  it  snows  more  frequently  with  west  than 
with  east  winds. 

Would  we  apply  these  principles  to  accidental  varia- 
tions, they  are  thus  explained:  snow  with  a  fall  of  the 
barometer  is  transformed  into  rain ;  rain  with  a  rise  of  the 
barometer  is  transformed  into  snow.  Snow  with  a  rising 
barometer  indicates  a  more  rigorous  cold;  with  a  fall,  a 
milder  temperature. 

It  follows,  also,  that  it  cannot  snow  during  severe  cold ; 
for,  when  the  north  wind  becomes  predominant,  and  drives 
sway  the  south,  there  is  no  excess  of  water  in  the  atmo- 
sphere. 

A  continued  hieh  temperature  after  rain  announces 
fresh  rains ;  for,  in  tne  east,  it  depends  on  the  regular  pre- 
dominance of  the  south  wind.  In  the  west,  it  rises  from  a 
change  in  a  contrary  direction  to  that  of  regular  rotation — 
a  change  which  will  be  compensated  by  the  return  of  the 
normal  stete,  and  which  will  consequently  induce  a  fresh 
precipitation  of  aqueous  vapour. 

In  the  western  half  of  the  card  the  coldest  wind  blows 
below,  as  being  the  heavier ;  in  the  eastern  half,  the  warmer 
gradually  absorbs  the  colder  from  above  downwards.  With 
rain,  the  wind  from  below  will,  at  a  mean,  have  a  greater 
barometric  height  than  the  wind  above ;  so  that  the  neight 
of  the  barometer  during  rain  will  be  less  than  the  mean  of 
the  wind  in  general,  since  it  is  during  rain  that  one  drives 
away  the  other.    The  difference  existmg  between  the  baro- 
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metric  height  of  a  rain  wind,  and  the  mean  height  of  the 
same  wind,  will  depend  on  the  harometric  value  of  the 
winds,  and  on  the  rapidity  with  which  they  replace  each 
other.  In  winter,  the  harometric  differences  of  the  winds 
attain  their  maximum^  and  their  changes  are  Tery  sudden ; 
at  this  period,  also,  the  difference  hetween  the  rain  mean  of 
a  wind  and  the  seneral  mean  is  as  great  as  possible.  In 
high  latitudes,  the  aqueous  vapour  falls  in  the  state  of 
snow:  it  is  with  snow,  therefore,  that  the  barometer  re- 
mains most  below  the  general  mean ;  but,  if  rain  and  snow 
fall  during  the  same  rotation  in  the  card  of  winds,  then  the 
rain  corresponds  to  the  lesser  height. 

The  substitution  from  below  upwards  of  the  colder  for 
the  warmer  wind  on  the  west  side  of  the  compass  announces 
the  simultaneous  formation  of  clouds,  their  precipitation  in 
the  form  of  snow  or  rain,  and  a  rise  in  the  barometer.  The 
wind  often  precedes  the  other  phenomena;  whilst,  in  the 
east,  the  formation  of  clouds  precedes  the  wind.  In  the 
west,  the  formation  of  clouds  occurs  from  below  upward; 
in  the  east,  from  above  downwards.  When  the  clouds  cease 
to  form,  as  the  north  wind  becomes  predominant,  they  are 
said  to  tear  up, — a  phenomenon  very  different  from  the  dis- 
solution of  tne  cumulus^  which  takes  place  on  fine  days 
when  the  ascending  current  begins  to  cease.  Sudden  forma- 
tions of  clouds  belong  to  the  west,  where  rapid  mixtures  are 
made ;  their  successive  developement  occurs  in  the  east :  the 
eumuIo'Stratut  is  peculiar  to  the  west,  the  cirrus  to  the  east. 
The  latter  is  a  precipitation  due  to  the  intervention  of  a 
more  south  wind ;  the  former,  a  precipitation  determined  by 
a  cold  wind  penetrating  into  a  warm  air. 

In  our  climates  things  frequently  happen  thus ;  how- 
ever, on  comparing  the  range  of  the  barometer  with  the 
modifications  of  the  atmosphere,  we  often  observe  a  different 
succession  in  the  phenomena.  Let  us  not  forget  in  the  out- 
set that  the  direction  of  the  wind  sometimes  varies  in  points 
that  are  very  near  to  each  other ;  the  barometric  height  is 
then  attached  to  a  wind  to  which  it  does  not  correspond. 
Moreover,  we  must  not  only  take  account  of  the  tempera- 
ture and  the  moisture  of  the  mass  of  air  that  arrives,  but 
also  of  the  same  elements  in  the  air  surrounding  the  ob- 
server. If  this  air  is  very  moist,  there  will  be  a  much 
greater  probability  of  rain  than  in  the  opposite  case.  Such 
a  relative  state  may  prevail  for  whole  seasons,  to  which  it 
impresses  its  character.  In  this  point  of  view,  I  may  refer 
to  the  two  summers  of  1834  and  1838.  During  the  K)rmer, 
the  east  winds  prevailed,  and  it  was  remarkably  warm. 
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Whilst  the  barometer  was  falhDg,  the  sky  became  covered 
with  cimts ;  then  came  thick  cunmlus,  of  a  deep  blue ;  rain 
seemed  near  at  hand,  and  a  storm  was  expected;  but  the 
yapours  were  soon  dissipated  in  the  atmosphere.  This  is 
especially  the  case  if  a  few  drops  of  rain  have  fallen,  and  the 
clouds,  at  the  end  of  some  hours,  have  disappeared.  In 
the  wet  and  cold  winter  of  1838,  things  went  on  differently. 
The  S.W.  winds  so  filled  the  atmosphere  with  yapours,  that 
it  was  always  saturated,  and  each  change  of  wind,  each 
oscillation  of  the  barometer,  was  attended  with  violent  rains. 
Scarcely  were  the  clouds  broken  up  when  the  moist  sea- 
wind  brought  a  fresh  supply,  without  the  east  wind  being 
at  any  time  able  to  drive  them  away. 

We  should  never  lose  sight  of  all  these  circumstances, 
when  we  wish  to  estimate  the  value  of  barometric  oscilla- 
tions. Add  to  this,  that  meteorological  instruments  only 
tell  us  what  is  going  on  in  the  place  where  they  are  situ- 
ated. If  we  could  know  the  mean  heat,  and  the  degree  of 
humidity  as  well  as  the  direction  of  the  wind  in  all  regions 
of  the  atmosphere,  then  we  might  foretell  the  weather  with 
great  certainty.  A  single  example  is  sufficient  to  prove 
this.  Suppose  that,  at  the  height  of  1300  metres,  the  dew- 
point  is  at  zero :  if  the  temperature  is  only  1®  above  zero, 
there  will  ere  long  be  formed  several  isolated  clouds,  that 
will  be  easily  dissipated  by  the  sun;  if  the  temperature 
falls,  on  the  contrary,  to  — 1°,  there  will  be  rain.  But  at 
these  heights  there  are  much  greater  variations  of  tempera- 
ture, even  when  the  thermometer  at  the  surface  of  the 
earth  does  not  move.  At  present,  we  are  in  want  of  obser- 
vations made  on  more  elevated  spots  in  order  to  prove  this 
assertion  by  facts ;  for  the  small  number  of  places  on  the 
Alps  for  which  we  possess  series  of  any  length  are  situated 
in  valleys,  where  local  currents  change  the  direction  of  the 
general  winds.  A  comparison  of  observations  made  during 
one  year  by  an  innkeeper  who  dwells  at  the  Brocken 
ni40^),  with  those  at  Halle,  shews  this  most  evidently. 
At  a  mean,  the  thermometer  on  the  Brocken  is  5^,84  lower 
than  that  at  Halle;  this  difference,  however,  varies  with 
the  different  winds.  The  differences  of  temperature  are 
greater  at  Halle  on  those  days  when  it  rains  or  snows. 
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DIFFBBBHCB8  OF  TEMPEBATUBB  BETWEEN  HALLE  AND  THE 
BBOCEJBN  DUBINQ  DIFFBBBNT  WINDS  AND  BAIN. 


WINDS. 

OENEBAL 

DATS 

MEAN. 

OF  BATN. 

N. 

5°,78 

6°,53 

N.E. 

5,70 

6,10 

E. 

5,01 

6,44 

S.E. 

4,51 

4,86 

S. 

5,03 

6,26 

S.W. 

6,24 

6,36 

w. 

6,31 

5,96 

N.W. 

6,62 

6,03 

(^Vide  Appendix,^.  36.) 

Many  consequences  are  deriyed  from  this  table.  First, 
the  difference  of  temperature  between  Halle  and  the  Brocken 
is  less  by  1^,9  with  east  than  with  west  winds ;  the  decrease 
of  temperature,  therefore,  is  less  rapid  with  east  than  with 
west  winds :  and  this  difference  is  about  one-third  of  the 
difference  of  temperature  between  the  two  places.  A  con- 
sequence follows,  which  we  have  already  pointed  out.  If 
we  compare  the  relative  moisture  of  east  and  west  winds, 
we  may  believe,  from  hygrometric  observations  made  in  the 
plain,  that  the  difference  is  not  so  great  as  the  frequency  of 
rains  would  seem  to  indicate.  But  with  east  winds  the  de- 
crease of  temperature  is  much  slower;  and,  if  the  tension 
of  the  vapour  diminishes  in  the  same  proportion,  the  tem- 
perature of  the  air  during  east  winds  does  not  approach  so 
near  the  point  of  saturation  as  during  west  vrinds,  and  rain 
is  less  nrobable,  even  though  the  hygrometer  in  the  lower 
strata  snould  be  near  the  point  of  saturation :  this  happens 

Srincipally  in  winter.  In  1838,  during  the  montns  of 
anuary  and  February,  the  air  was  constantly  saturated 
with  the  vapour  of  water,  and  yet  there  was  not  a  cloud 
over  the  sky ;  but,  in  this  case,  the  lower  strata  were  so 
cooled  by  radiation,  that  on  the  Brocken  the  thermometer 
was  sometimes  10^  higher  tlum  at  Halle. 

We  shall  see  presently  that  during  rain  the  difference  of 
temperature  between  the  plain  and  the  mountain  is  greater 
than  the  mean  difference.  Excepting  with  the  S.E.,  which 
rarely  brings  rain,  the  difference  is  5^84  greater  than  the 
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mean ;  and  with  this  wind  only  the  decrease  of  temperature 
is  not  80  rapid  as  the  mean  decrease.  Thus,  every  thing  else 
being  equal,  rain  is  much  more  probable,  as  the  decrease  of 
temperature  with  the  height  is  more  rapid ;  and,  if  we  knew 
this  decrease,  the  indications  of  the  barometer  would  be 
much  more  intelligible  to  us.* 

Long  series  would  put  these  facts  beyond  doubt.  Indeed, 
as  the  decrease  of  temperature  varies  with  the  seasons,  and 
even  with  the  hours  of  the  day  (vide  p.  211),  I  have  taken 
for  each  day  the  winds  prevailing  at  6,  2,  and  10  p.m.;  I 
compared  the  means  obtamed  for  each  wind  with  the  general 
mean  of  the  month.  I  did  the  same  for  the  means  pre- 
vailing during  rain,  and  compared  these  with  the  general 
mean  of  the  month  during  ram.  The  winter  during  which 
I  made  my  observations  was  remarkable  for  the  predomi- 
nance of  dry  east  winds.  The  decrease  of  temperature 
being  thus  slower  than  the  mean,  it  is  certain  that  the  dif- 
ference of  temperature  obtained  is  less  than  that  which 
would  be  derived  from  several  years  of  observations.  The 
same  remark  for  the  west  winds  that  prevail  throughout  the 
summer.  Series  of  several  y^ars  would  enable  us  much 
more  readily  to  set  off  the  difference  of  the  means  relating 
to  different  winds  and  to  rain ;  for  certain  winds  have  never 
been  accompanied  with  rain  in  winter.  Others  have  been 
constantly  rainy  in  summer :  thus,  when  accompanied  with 
rain,  their  temperature  is  not  very  different  from  their 
general  mean. 

OF    THE    BAROMETER    DURING    TEMPESTS.— 

When  the  temperature  is  very  high  on  one  spot  of  the 
earth  and  very  low  on  others,  the  equilibrium  can  no  longer 
be  preserved;  a  portion  of  the  air  passes  away  from  the 
hotter  to  the  colder  regions,  and  the  pressure  is  different  in 
countries  which  are  at  a  greater  or  less  distance.  These 
changes  are  rarely  brought  about  without  agitation :  the  air 
moves  with  velocity,  and  tempests  are  the  result.  The 
barometer  oscillates  and  falls  rapidly,  and  rises  again  in  the 
same  manner.  These  characteristic  oscillations  are  made  at 
short  intervals ;  they  are  irregular,  and  should  be  regarded 
as  a  consequence  of  the  inequality  of  pressure  that  gives 
rise  to  the  tempest.    What  we  have  said  concerning  winds 

*  The  obwnrations  made  in  the  Alps  and  on  the  Brocken  Justiiy  the 
law  of  a  more  rapid  decrease  of  temperatui'e  during  rain.  The  same  fkcta 
have  been  established  by  the  French  commission  in  the  very  high  latitudes 
of  Europe,  on  the  Tyyefleld,  latitude  70"  37',  height,  418"),  and  on  the  Sload- 
berg,  at  SpiUbergen  (Ut.  77'*  30^.  height  560").  The  obserrations  of  aerial 
temperature  In  tke  open  atmonhert^  made  at  Boeekop»  bj  means  of  kltsa  and 
■oaptiTe  ballooDSb  no  less  dearlj  indicate  the  same  results.— Bi. 


or  THB  BABOMBTBB  DUBINO  TBMPB8T8. 


317 


fully  confimiB  this  opinion.  Continued  tempests  (for  I 
am  not  speaking  of  those  which  last  merely  for  a  few 
minutes)  are  almost  always  preceded  by  great  barometric 
oscillations,  which  as  it  were  announce  their  approach. 

These  oscillations  are  not  generally  noticed,  and  the 
barometer  is  merely  said  to  be  very  low.  This  law  is  not 
general.  With  us,  the  most  violent  tempests  are  brought 
with  the  S.W.  wind,  and  the  barometer  then  falls  very 
quickly.  It  frequently  happens  that  the  wind  suddenly 
ceases,  calm  follows,  and,  at  tne  end  of  a  brief  interval,  the 
wind  blows  violently  from  the  N.W.  and  afterwards  passes 
to  the  K.£. ;  the  temperature  falls ;  and,  although  the  wind 
blows  as  strongly  as  in  the  former  case,  the  barometer 
rises.  I  have  often  observed  this,  and  particularly  during 
the  tempests  of  January  14  and  15,  1827.  For  several  days 
the  sky  was  cloudv,  the  winds  blew  from  the  west,  and 
torrents  of  rain  fell.  On  the  14th,  clouds  came  from  the 
S.W.  with  extraordinary  rapidity ;  tiles  were  carried  away 
from  the  roofs  bv  hundreds ;  the  rain  fell,  but  the  tempNei- 
atnre  continued  becoming  milder.  In  the  night,  the  wind 
turned  to  the  north ;  on  the  15th,  it  blew  from  the  north 
and  the  N.W.,  and  the  barometer  ruse  very  rapidly.  The 
following  was  the  height  of  the  two  instruments : — 
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10''  evening. 
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8  morning. 

738,49 

+3  ,2 

n 

10        „ 

738,06 

4,0 

n 

12        „ 
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n 

2        „ 

784,65 

5  ,4 

n 

4         „ 

731,88 

6,2 

n 

6        „ 

730,32 

6  ,0 

n 

8         „ 

727,48 

6  ,6 

n 

10        „ 

729,53 

6,2 

»i 

11         « 

731,20 

6,2 

15 

8  morning. 

739,87 

1  ,4 

» 

10        „ 

• 

741,94 

1  ,2 

(Fic28  Appendix, /%>.  37.) 
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Kautical  men,  who  have  so  great  an  intereat  in  knowing 
the  precarsoiy  signs  of  tempests,  relate  a  multitude  of  cases 
of  tneir  connexion  with  barometric  oscillations.  KniBen- 
■tem  attributed  the  success  with  which  he  always  knew 
how  to  anticipate  gales  of  wind  to  the  constancy  with  which 
he  observed  the  barometer;  8coresl»j  affirms,  that  he 
predicted  tempests,  seventeen  out  of  eighteen  times,  by  con- 
sulting the  barometer.  My  own  observations  shew  that 
we  should  fear  a  gale,  especially  in  winter,  when  the  ther- 
mometer is  high  and  the  oarometer  suddenly  falls.  Often, 
when  I  had  observed  these  two  signs,  the  tempest  was  not 
violent  at  Halle,  but  it  was  let  loose  over  otner  parts  of 
Germany  and  Europe.  I  might  relate  a  great  many  ex- 
amples of  this  kind,  out  whoever  possesses  a  barometer  may 
observe  for  himself. 

The  want  of  simultaneous  observations  on  a  great  num- 
ber of  points  does  not  permit  of  our  following  tiiis  pheno- 
menon into  its  details.  When  the  air  moves  rapidly  from 
one  region  to  another,  the  barometer  will  fall  in  the  former 
and  rise  in  the  latter.  It  is  a  wave  that  rises  in  one  point 
and  falls  in  another;  but  it  would  be  no  easy  matter  to 
determine  its  form,  because  we  do  not  know  how  much  each 
of  these  points  is  elevated  above  the  mean  of  the  sea.  The 
observations  made  in  Europe  are  not  sufficient  for  the  solu- 
tion of  the  problem  :  falls  of  several  centimetres  often  take 
place  over  the  whole  surface  of  Europe,  and  we  must  seek' 
for  the  corresponding  rise  in  Asia  and  America.  Observers 
of  antiquity,  such  as  Woodward,  Waliia,  and  others,  had  even 
found,  that  in  west  Europe  the  barometer  fell  or  rose  simul- 
taneously ;  Braades  and  Plct€t  afterwards  confirmed  this  fiict. 
But  though  the  direction  of  the  oscillations  be  the  same  over 
a  great  surface,  their  amplitude  is  not  so ;  this  is  particularly 
omervable  when  we  are  calculating  the  diffisrences  of  level 
of  two  places  by  means  of  the  barometer.  Thus,  at  different 
periods  I  found  differences  between  Berlin  and  Halle,  which 
were  fifVv  metres  above  or  below  the  mean  difference  of 
level.  The  comparison  of  Halle  and  Paris  has  given  still 
greater  deviations.  Let  us,  therefore,  admit  that  the  baro- 
metric pressure  attains  its  maximum  in  any  place,  and  con- 
tinues aiminishing  along  all  the  radii  of  a  circumference,  of 
which  this  point  is  the  centre,  disappearing  at  the  distance  of 
several  hundred  myriametres  where  the  instrument  is  found 
to  be  above  the  mean  of  the  place.  Braades,  in  his  Metearo^ 
logical  HUtoryfor  the  Year  1783,  relates  facts  which  confirm 
wnat  we  have  said.  He  compared  observations  made  in 
Europe,  from  Maf^a,  near  Lisbon,  to  Tomeo  and  St.  Peters- 
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burg ;  and  he  saw,  that  the  barometer  fell  in  one  point  while 
it  rose  in  a  dbtant  point.  He  recognised  that  these  oscil- 
lations were  accompanied  by  changes  in  temperature.  The 
cold  was  very  intense  in  the  first  days  in  January;  but 
about  the  ^th  it  diminished  rapidly  in  Crermany  and  France. 
At  Tomeo  and  St.  Petersburg,  on  the  contrary,  the  thermo- 
meter fell ;  and  in  this  latter  town  it  fell  on  the  9th  as  low 
as  — 31^  during  fine  weather.  Until  this  day,  the  baro- 
meter had  constantly  fallen  in  all  parts  of  middle  Europe. 
At  Berlin,  Sagan,  cTopenhagen,  it  fell  29  or  30°*b  ;  at  Baden, 
Vienna,  Prague,  Erfurt,  Gottingen,  24""°;  at  Wurzburg, 
20"»;  at  Mannheim,  IS"";  at  Munich,  16"";  in  Switzer- 
land, 7"*.  At  La  Rochelle,  it  remained  at  the  mean  height ; 
at  Marseilles  and  at  Rome,  it  fell  from  the  6th  to  the  7th« 
and  it  then  rose  again  until  the  9th ;  at  St.  Petersburg  and 
Tomeo,  where  the  thermometer  had  fallen,  the  barometer 
had  risen  11"*"  in  the  former  town,  and  16""  in  the  latter. 
There  was,  therefore,  a  space  included  between  Berlin, 
Sagan,  and  Copenhagen,  where  the  relative  heat  attained  its 
maximum ;  and  it  is  from  this  centre  that  the  heisht  of  the 
barometer  continued  increasing  along  all  the  radii.  One 
portion  of  the  air  was  displaced  towards  the  north,  which  is 
much  colder :  this  movement  of  the  atmosphere  extended 
beyond  the  limits  of  Europe.  The  same  day,  when  the 
barometric  pressure  was  so  feeble  in  Europe,  it  was  very 
strong  at  New  York  and  at  Ipswich  in  the  north  of  Ame- 
rica. Beancluump's  observations  at  Bagdad,  in  the  interior 
of  Asia,  prove  that  the  thermometer,  in  the  morning  of  the 
10th,  fell  there  to  — 1^,2,  and  that  the  barometer,  which 
from  the  5th  to  the  8th  had  risen  9,62"",  attained  its 
monthly  maxtmuMy  and  was  13""  above  the  mean.  Thus, 
then,  at  Ipswich,  Bagdad,  and  St.  Petersburg,  the  temoerature 
had  sensibly  fallen ;  and  we  can  understand  that  the  more 
highly  heated  air  of  (rermany  would  pass  away  from  this 
coast  and  induce  a  rise  of  the  barometer.  There  was, 
therefore,  a  warm  region  with  a  feeble  pressure,  and  a  cold 
region  with  a  very  strong  pressure.  Between  these  two 
regions  every  unagmable  condition  was  found.  If  we  place 
the  limit  at  the  spot  where  the  barometer  had  preserved  its 
mean  height,  and  had  not  greatly  oscillated,  we  may  join 
these  points  by  a  line  passing  through  La  Bochelle,  Mar- 
seilles, and  Rome ;  then  nassinff  to  the  east  of  Hungary  and 
to  the  north  of  Stockholm  and  Tomeo,  so  as  to  form  a  re- 
entering curve. 

The  masses  of  air,  between  which  the  equilibrium  was 
thus  broken,  moved  with  great  rapidity.    On  the  evening 
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of  January  8,  there  was  a  yiolent  ^le  in  south  Germany. 
At  Ratisbon  it  lasted  from  eight  till  nine  in  the  evening, 
and  began  ag^  at  ten.  At  Mannheim  the  tempest  was 
felt  in  the  night  from  eight  till  ten;  it  came  from  the 
W.S.\V.  On  St.  Grothard,  and  in  Bavaria,  the  days  from 
the  8th  to  the  10th  of  January  were  very  stormy.  At 
Prague  there  was  a  violent  gale  in  the  night  from  nme  till 
ten ;  but  the  storm  does  not  appear  to  have  continued.  At 
Sagan  a  violent  wind  from  the  S.W.  blew  from  the  9th  to 
the  11th  of  January ;  at  Berlin  the  wind  was  fresh ;  but  it 
became  violent  during  the  day  of  the  11th.  At  Gottingen, 
there  was  a  great  tempest  from  8  in  the  evening.  At  Copen- 
hagen, it  appears  that  there  was  merely  some  wind  about  nine 
6*cTock.  In  all  these  places  the  wind  came  from  the  west ; 
at  Marseilles,  and  on  St.  Gothard,  from  the  N.W. ;  in  the 
centre,  and  in  the  north  of  Germany,  from  the  S.W.  and 
the  west  In  Italy  it  was  variable  without  being  veiy 
violent.  On  the  8th  and  the  9th  it  blew  strongly  from  the 
S.E.  at  Stockholm ;  from  the  east  at  St.  Petersburg ;  from  the 
N.W.  at  Spydberg,  in  Norway ;  from  the  west  at  Bagdad. 
In  a  word,  says  Braades,  it  seemed  that  a  strong  preraure 
of  the  atmosphere  at  St.  Petersburg  and  at  Torneo,  had  de- 
termined in  the  north  the  establishment  of  a  current  coming 
from  the  east;  whilst  a  no  less  powerful  pressure  in  the 
south  and  west  regions  drove  the  air  in  the  direction  from 
S.W.  to  N.E.,  in  order  to  compensate  the  feeble  pressure 
existing  in  north  Germany.  All  that  we  know  respecting 
the  formation  of  winds  renders  this  explanation  very 
plausible.  This  also  explains  to  us  why,  according  to 
Bcoresby's  observation,  the  tempest  does'  not  commence 
until  the  barometer  has  attained  its  minimum.  As  long  as 
there  is  an  ascending  current  in  the  neighbourhood  of  the 
sround,  the  thermometer  falls;  it  does  not  rise  until  the 
lower  currents  arrive  to  fill  the  vacuum.  These  S  W.  winds 
bring  with  them  a  mass  of  vapours,  which  resolve  into  rain. 
&  the  example  that  we  have  just  seen,  there  was  a 
sort  of  compensation  in  Europe  between  the  different  heights 
of  the  barometer.  This  does  not  always  happen,  and  we 
often  find  ereat  differences  at  the  surface  of  our  continent.  ** 

This  was  the  case  on  the  21st  of  December.  Let  us  take 
another  tempest  of  the  year  1783.  The  barometer  fell 
very  low  till  the  9th  of  February,  especially  in  the  centre 
of  England ;  thus,  at  Lyndon,  in  Kutlandshire,  where  it  was 
lowest,  it  was  31""  above  the  mean.  The  region,  in  which 
it  was  80""  below  the  mean,  may  be  marked  out  by  a  line 
running  from  the  west   of  Franecker,  passing  through 
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Amsterdam,  and  then  through  south  Germany.  The  line, 
where  it  was  at  29""",  is  mrected  from  Middleburgh  to 
St.  Malo.  That,  where  it  was  at  27'°'",  leaves  the  south 
of  Middleburgh,  traverses  Iceland,  leaves  Dunkirk  to  the 
north,  and  is  directed  towards  Paris,  and  thence  toward 
the  centre  of  Britain.  The  zone,  where  the  barometer 
was  25'"">  below  the  mean,  goes  from  Brussels  directly 
toward  the  south,  then  to  the  S.W.,  by  Orleans  towara 
La  Rochelle;  that,  where  it  was  only  aO""  below  the 
mean,  goes  from  Gottingen  to  Mayence,  to  the  north  of 
Metz,  to  the  south  of  Troyes,  to  the  north  of  Limoges, 
and  terminates  in  the  direction  of  Bordeaux.  At  Copen- 
hagen the  barometer  was  18'""'  below  the  mean ;  and  this 
zone  is  limited  by  a  curve,  which  is  directed  toward  the 
south  of  the  coast  of  Erfurt,  then  to  the  S.W.,  toward 
Wurzbui*g,  through  Alsace,  toward  Lyon  and  the  west 
Pyrenees.  The  barometer  was  16™"  below  the  mean,  in  a 
region  limited  bj  a  line  joining  Spydberg,  in  Norway  and 
Stockholm,  passmg  to  the  east  of  Berlin,  going  to  the  north 
of  Ratisbon,  to  Munich,  and  to  the  south  of  Geneva  toward 
Dauphin  V.  The  barometer  was  13""°  below  the  mean  at 
the  south  of  Sa^n,  at  Pra^e,  Ratisbon,  on  Mount  St. 
Gothard,  in  certam  parts  of  Dauphiny,  and  at  Montpellier. 
It  was  11"""  lower  at  Marseilles,  and  at  Mont  Louis,  at  the 
foot  of  the  Pyrenees.  Finally,  at  Buda  and  Padua,  it  was 
9""* ;  at  Mafra,  10"'" ;  at  St.  Petersburg  and  Tomeo,  at  Bou- 
logne and  Rome,  7"*™  below  the  mean. 

In  Europe  these  variations  are  all  in  the  same  direction, 
but  much  more  extensive  the  farther  we  go  from  the  centre 
of  England.  Braadas  notices  that,  on  the  8th  of  February, 
the  barometer  at  New  York  was  20  or  22"*"*  above  the 
mean ;  and  the  observations  at  Bagdad  shew  that,  from  the 
8th  at  noon  to  the  same  hour  of  the  9th,  it  rose  12">"*,58 ;  a 
considerable  quantity  for  this  country.  At  the  same  time, 
the  thermometer  had  fallen  more  than  10^  and  the  wind 
had  turned  to  the  north.  In  the  greater  part  of  the 
European  countries  only  small  oscillations  of  the  ther- 
mometer were  observed,  but  there  were  tempests,  storms, 
and  rain.  After  these  tempests,  the  barometer  rose  very 
fast  in  Europe,  whilst  it  fell  at  Bagdad,  where  the  tempera- 
ture rose  without  cessation.* 

*  Daring  the  Tlolent  iempot  of  January  7th,  1839,  the  barometer  fell  at 
Edinhnrgh  to  7(n**",30;  this  minimmn  occurred  at  half-past  fire  in  the 
morning.  At  Altona,  M.  ScBCMACHva  proved  that  the  mmhmtm  occurred 
between  9  r.u.  and  midnight ;  but  it  did  not  Ml  lo  low  a«  Edinburgh :  for 
at  forty  minutet  past  eight  It  was  still  at  716««.8.  iCompUs  rfndui  de  FAead, 
de*  Seimce$t  t.  tUL  pp.  176  and  309.    1839.)— M. 
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The  great  depression  of  mercniy  observed  in  these  cases, 
is  dne  to  the  constancy  of  the  south  winds,  which  for  some 
time  predominate  over  those  from  the  east.  It  occurs  much 
more  rarely  after  north  winds.  When,  during  its  normal 
rotation,  the  wind  suddenly  turns  from  the  south  to  the 
north,  it  often  happens  that  a  notable  rise  succeeds  a  veiy 
considerable  fall.  M.  de  Bach  insists  on  this  circumstance. 
"  All  they,"  says  he,  **  who  are  in  the  habit  of  observing  the 
barometer  know  very  well  that  in  winter  the  two  extremes 
often  occur,  with  but  a  few  days  intervening ;  and  I  think  I 
have  remarked  that  the  barometer  rises  much  faster  than  it 
falls."  All  the  observations  that  I  have  compared  confirm 
this  fact,  which  is  a  necessary  consequence  of  the  law  of 
rotation,  discovered  by  M.  Bort,  and  of  the  influence  of  the 
wind  over  temperature  and  pressure.  Abundant  rains  are 
the  consequence  of  these  mixtures  of  air.  If  the  north 
wind  predominates,  the  clouds  disappear,  and  the  increase  of 

Sressure  is  accompanied  by  a  very  intense  radiation,  which 
etermines  cold.  However,  it  is  only  when  the  barometer 
rises  slowly  that  we  must  expect  a  continued  cold:  if  the 
barometer  has  risen  rapidly,  it  is  not  long  in  &lling,  but 
the  second  minimum  is  not  so  low  as  the  first. 

When  the  barometer  oscillates  much,  we  must  conclude 
that  the  temperature  and  the  weather  will  experience  extra- 
ordinary vanations  somewhere  on  the  globe.  Although  the 
lack  of  observations  does  not  permit  of  our  proving  this  truth 
in  its  minor  details,  it  may  be  established  in  general  terms. 
The  years  1821  and  1822  offer  a  remarkable  example  of 
this.  About  Christmas,  in  the  year  1821,  the  barometer 
jn  Europe  experienced  an  extraordinary  fall.  It  was  fol- 
lowed by  a  very  mild  winter  in  Paris,  and  in  the  other 
cities  of  west  Europe ;  the  mean  temperatures  of  Januaiy 
And  February  were  higher  by  several  degrees  than  the 
general  mean.  In  the  United  States,  on  the  contrary,  the 
winter  was  very  severe;  the  current  of  the  Gtdfstream 
was  directed  towards  places  which  it  does  not  usually  visit. 
In  Persia,  according  to  Fraser's  account,  the  winter  was 
very  cold ;  as  it  was  also  in  Africa,  where  the  plains  of 
Kordofan  were  covered  with  a  bed  of  snow,  which  dis- 
appeared, it  is  true,  very  rapidly.  At  Paris,  the  following 
summer  was  drier  and  hotter  by  several  degrees  than  usual. 
But,  whilst  the  dr^  winds  regained  their  sway  in  Europe, 
moist  and  violent  wmds  constantly  blew  in  India ;  at  Bombay, 
83,7  centimetres  of  rain  above  the  mean  fell ;  and  in  Kor- 
dofan, also,  the  Turkish  army  suffered  much  from  continual 
rains. 
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Something  analogons  occurred  in  1824  and  1825.  The 
terrible  inun&tion  of  the  Rhine  in  the  autumn  of  1838,  the 
overflow  of  the  Neva  at  St.  Petersburg,  the  gales  from  the 
S..W.,  which,  according  to  the  observations  of  Mimk  e  and 
Bclittbler,  took  place  in  Schlesvig,  and  in  all  Holstein,  are 
a  proof  of  this.  The  barometer  oscillated  incessanUy,  and 
thl  nuns  were  M  abund«it  that  eveiy  whei«.  but  prind. 
pally  in  south  Germany,  springs  burst  forth  in  the  streets  and 
squares  of  the  tonnis.  In  the  same  year  the  mean  for  the 
winter  months  was  very  high.  In  Iceland,  on  the  contrary, 
according  to  Thorstensen's  observations  at  Reikiavig,  the 
mean  of  December  was  several  degrees  below  the  ormnaiy 
mean,  and  the  barometer  was  very  hi^h,  whilst  it  was  very 
low  at  Ck>penhagen.  This  year,  which  was  so  rainy  in 
Europe,  was  very  dry  in  India ;  for  at  Bombay  the  qnantitv 
of  rain  was  118  centimetres  below  the  mean.  In  Africa,  it 
appears  that  there  were  violent  gales ;  for,  in  the  night  of 
January  19th,  1825,  the  English  ship,  Clyde^  being  100 
myriametres  from  the  coast  of  Africa,  was  covered  with 
fine  sand,  which  the  east  winds  had  brought  from  the 
desert.  In  east  Africa,  Ruppei  experienced  violent  storms : 
phenomena  which  are  very  rare  in  these  countries,  as  may 
be  discovered  from  the  fear  of  the  inhabitants.  ii«j  ex- 
perienced the  same  thing  in  Upper  Effypt.  In  the  following 
summer,  all  the  north  jMirt  of  tropictu^  Afnea  was  a  prey  to 
excessive  drought,  and  the  inundation  of  the  Nile  naving 
&iled,  there  was  a  complete  dearth. 

The  same  disturbuices  were  manifested  on  the  two 
shores  of  the  Great  Ocean.  In  California,  there  were  vio- 
lent tempests  during  the  autumn,  as  there  were  also  at  the 
Sandwicn  and  Philippine  Islands.  But  the  trade-winds 
were  no  longer  blowing  regularly  over  the  sea.  These 
facts  prove  that  the  anormal  phenomena  of  Europe  are  not 
isolated,  bat  are  propagated  over  the  whole  circumference 
of  the  globe. 

In  order  to  demonstrate  this  truth,  I  will  further  relate 
the  following  observations.  We  know  that  the  winter  of 
1829-30  was  one  of  the  coldest  that  had  occurred  in  Europe 
for  a  long  time ;  this  same  winter  was  so  mild  in  America, 
that  there  was  no  ice  on  the  west  coast :  which  permitted 
Captain  Rosa  to  advance  so  far  to  the  north. 

The  mildest  wii^r  that  we  have  had  for  a  long  time  was 
that  fji  1833-4,  but  it  was  preceded  by  violent  disturbances. 
From  the  commencement  A  July,  the  S.W.  winds  prevailed 
in  almost  the  whole  of  Europe.  They  were  frequently  of 
extreme  violence,  especially  at  the  ena  of  August  and  be* 
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ginning  of  December ;  the  journals  were  filled  vrith  news 
of  shipwrecks  on  the  coasts  of  France  and  England.  In 
the  Alps  there  were  tempests;  and  such  masses  of  snow 
and  such  quantities  of  ram  fell,  that  the  inhabitants  were 
forced  to  take  refuge  in  the  plains  with  their  flocks.  From 
the  beginning  of  September  violent  gales  were  experienced 
in  the  sea  ofthe  Antilles,  and  at  Nova  Zembla.  In  India, 
in  Brazil,  and  Guiana,  the  drought  was  so  great,  that  yeiy 
many  of  the  inhabitants  died  of  hunger.  In  China,  there 
were  terrible  inundations ;  but  the  swelling  of  the  Nile  was 
quite  insignificant.  The  contest  between  the  south  and  the 
north  winds  was  renewed  several  times  in  the  course  of  the 
autumn;  the  former  always  prevailed;  and  the  wind 
rarely  blew  from  the  east  for  several  hours  together. 
Abundant  rains  fell  in  January ;  the  rivers  overflowed  their 
banks.  The  south  winds  extended  over  to  the  region  of  the 
trade- winds ;  and  ships  were  delayed  in  their  voyage  from 
France  to  Demerara.  The  thermometer  rarely  lell  as  low 
as  zero ;  trees  put  forth  their  buds  in  the  month  of  Jan- 
uary, and  many  species  remained  in  blossom  throughout 
the  winter :  around  Halle,  I  observed  the  Lamium  purpu" 
rettm,  several  species  of  Crepia  and  the  Thlaspi  arveiue. 
But  we  shudder  on  reading  the  description  given  oy  Captain 
Back  of  the  cold  he  endured  in  his  expedition  across  the 
north  countries  of  North  America.  In  the  United  States, 
and  in  Persia,  the  winter  was  also  extremely  rigorous. 
During  this  conflict  of  land  and  sea  winds,  the  barometer  in 
Crermany  did  not  deviate  much  from  its  mean  height ;  but 
it  oscillated  considerably.  The  weather  was  rough  and  dis- 
agreeable, and  quite  in  contrast  with  the  mild  temperature 
of  the  preceding  winter.  Finally,  the  east  winds  predomi- 
nated :  the  sky  became  serene,  and  the  sun  was  able  to 
warm  the  earth.  It  seldom  rained ;  and  there  was  a  general 
drought  throughout  Europe.  Meanwhile,  the  west  winds 
several  times  strove  to  obtain  the  sway  in  the  atmosphere ; 
but,  during  the  contest,  there  were  violent  storms,  such  as 
those  of  the  5th  and  the  21st  of  July.  On  the  21st  of  July, 
the  barometer  began  to  fall;  the  sky  was  still  of  mat 
purity,  because  these  south  winds  dissolved  all  the  logs; 
but,  on  the  morning  ofthe  21st,  the  cirri  began  to  multiply. 
In  the  afternoon,  a  violent  storm  formed :  west  winds  pre- 
vailed above ;  in  the  lower  strata,  all  the  vanes  indicated  an 
east  wind.  Thick  clouds  extended  from  the  west  to  the 
east,  whilst  all  the  cumuli  moved  from  east  to  west.  In 
proportion  as  the  west  vdnd  gained  the  lower  levels,  the 
irapours  were  precipitated;  but. the  east  wind  incessantlj 
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drove  them  back.  The  storm  was  accompanied  with  hail 
and  rain.  This  contest  took  place  in  a  straight  line  that  passed 
above  Halle,  and  was  directed  north  and  south  ;  for  several 
days  this  contest  was  renewed,  and  its  issue  was  uncertain. 

But,  like  as  currents  of  waters,  flowing  in  opposite  direc- 
tions, produce  whirlpools,  so  there  were  in  this  case  very 
abundant  local  showers.  Finally,  on  the  26th  of  July,  the 
east  wind  obtained  the  mastery  at  Halle,  and  drove  back  its 
antagonist.  On  the  27th,  the  barometer  rose ;  the  weather 
again  became  fine,  but  in  the  evening  there  were  violent 
storms  on  the  borders  of  the  Rhine.  On  the  29th,  Holland 
and  the  north  of  France  were  the  theatres  of  this  contest, 
and,  on  the  30th,  a  violent  storm  burst  over  England.  For 
the  space  of  a  month  the  east  winds  maintained  the  weather 
fine,  and  obtained  the  mastery  in  a  contest  that  had  com- 
menced in  the  Alps  on  the  25th  of  August,  and,  by  the 
27th,  was  propagated  as  far  as  the  north  of  Germany. 
Th^  then  prevailed  without  interruption  until  the  middle 
of  October,  when  the  west  winds  prevailed  in  their  turn, 
after  gales  that  had  lasted  several  days,  and  changed  the 
physiognomy  of  the  weather.  Whilst  in  Europe  the  sum- 
mer was  remarkably  dry,  the  swelling  of  the  Nile  was  con- 
siderable, and  violent  storms  inundated  India  and  China. 

Such  contrasts  are  not  uncommon  in  Europe,  and,  in 
this  respect,  the  Alps  often  form  a  remarkable  limit ;  for 
they  separate  the  climates  of  the  north  of  Europe  from  the 
Meaiterranean  climates,  where  the  distribution  of  rain  is 
not  the  same  as  in  the  centre  of  Europe.  Hence  the  differ- 
ences between  the  climates  of  the  north  and  south  of  France. 
If  the  winter  is  mild  in  the  north,  the  newspapers  arc  filled 
with  the  lamentations  of  the  Italians  and  the  Provencals 
at  the  severity  of  the  cold.  Not  to  multiply  examples  to 
no  purpose,  I  will  simply  allude  to  the  first  moi.ths  of  the 
year  1838,  which  were  so  rigorous  in  Germany,  France, 
England,  and  Russia.  At  Lisbon,  on  the  contrary,  the 
weather  was  rainy,  but  very  mild ;  at  Marseilles,  the  almond- 
trees  were  in  I  loom  in  the  month  of  January;  at  Naples 
and  at  Algiers,  the  winter  passed  unperceived.  But  this 
proves  that  the  Mediterranean  climates  alone  were  privi- 
leged ;  for,  on  the  other  side  of  the  Apennines,  at  Boloffna, 
and  in  Lombardy,  where  the  climate  resembles  that  of  the 
rest  of  Europe,  the  cold  was  very  intense. 

Thus,  then,  a  great  fall  of  the  barometer,  or  frequent 
oscillations  of  the  column,  prove  that  there  are  meteoro- 
logical disturbances  on  the  surface  of  the  globe,  and  conflicts 
or  opposite  winds,  which  change  the  weather.     Further, 
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when  the  barometer  rises  and  falls  rapidly,  we  may  affirm 
that  the  weather  wiU  be  Tariable  for  a  long  time.  1£  we 
knew  the  weather  that  prevailed  on  the  rest  of  tiie  globe, 
we  might  conclude  that  which  could  be  expected.  We 
ought  to  know,  when  the  barometer  is  low,  whether  the 
cold  is  very  intense  in  America  or  in  Asia.  In  the  first 
case,  the  west  winds  will  bring  rain;  in  the  second,  the 
east  winds  will  bring  cold.  However,  on  studying  in  the 
spring  the  barometer  and  the  direction  of  the  gales  of 
wind,  we  may  establish  certain  probabilities.  If  the  baro- 
meter has  fallen  considerably  during  S.W.  winds,  and  then 
rises  slowly ;  if  the  wind  passes  from  the  west  to  the  N.W., 
and  remains  in  that  direction ;  it  is  a  proof  of  the  predomi- 
nance of  west  windi^  and  the  weather  will  be  influenced  by 
them :  we  saw  this  in  1833.  If  the  barometer,  on  the  con- 
trary, rises  very  quickly,  and  if  the  wind  passes  in  a  short 
space  of  time  n-om  the  S.W.  to  the  N.E.,  where  it  stops, 
we  may  expect  a  prolonged  cold^  like  that  which  prevailed 
in  1829. 
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Thebb  are  few  men  on  whom  thunder  does  not  make  a 
lively  impression ;  the  learned  and  the  ignorant  are  equally 
struck  with  the  grandeur  of  this  phenomenon.  The  people 
whom  the  Europeans  have  discovered  in  past  centunes  re- 
garded it  as  the  sign  of  celestial  anger,  as  did  the  Greeks 
and  Bomans.  Also  Jupiter  Tonans  was  the  greatest  of  the 
pa{;an  gods ;  and  in  the  Bible  it  is  said  that  thunder  is  the 
voice  of  the  angry  Lord.  Some  philosophers  of  antiquity 
disputed  this  opinion;  but  this  prejudice  remained :  and  even 
in  the  present  oay  we  hear  sermons  in  which  the  thunder- 
bolt that  falls  on  a  house  is  considered  as  a  punishment 
deserved  by  its  inhabitants.  Some  ancients  considered 
thunder  as  produced  by  emanations  arising  from  the  earth. 
This  idea  was  adopted  by  many  learned  men ;  and,  although 
AristopluuMs  rioiculed  it  in  his  comedy  of  The  Clouds^  jet 
the  fear  of  the  gods  always  served  to  weaken  it  inproportion 
as  the  doctrine  of  Biiiciiras  was  the  more  spread.  Tnis  opinion 
still  existing  at  the  epoch  of  the  revival  of  the  sciences,  thunder 
was  compwed  to  the  explosion  of  a  piece  of  artillery ;  and 
it  was  pretended  that  saltpetre  and  sulphur  exist  in  the 
atmosphere.  But,  in  the  middle  of  the  seventeenth  century. 
Otto  de  Qnerltike  havinff  produced  an  electric  spark,  and 
observed  the  power  by  which  it  is  accompanied,  more  legi- 
timate ideaa  of  it  were  conceived. 
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The  pbiloflophers  oif  this  epoch  were  for  the  most  part 
occupied  with  the  laws  of  mechanics,  and  the  knowledge 
of  electric  phenomena  made  little  progress.  But  the  inven- 
tion of  the  Leyden  jar,  in  1746,  led  bi^k  the  attention  to  the 
powerful  effects  of  electricity.  Noilet  ingeniously  «points 
out  the  analogy  between  thunder  and  electricity,  to  which 
Dr.  Paccard,  of  the  valley  of  Chamouni,  who  followed  his 
lessons,  had  drawn  his  attention.  "  If  any  one,"  said  he,* 
**  after  comparing  the  phenomena,  undertook  to  prove  that 
thunder  is  in  the  hands  of  nature  what  electricity  is  in  our 
own ;  that  those  wonders,  which  we  now  dispose  of  as  we 
wish,  are  trifling  imitations  of  those  great  effects  which 
terrify  us ;  that  the  whole  depends  on  the  same  mechan- 
ism ;  if  he  should  shew  that  a  cloud  prepared  by  the  action 
of  the  winds,  by  heat,  and  the  mixture  of  exhalations,  is,  in 
respect  to  a  terrestrial  object,  what  the  electrised  body  is  when 
in  presence  and  at  a  certain  distance  from  the  one  which  is 
not  so ;  I  acknowledge  that  this  idea,  if  it  were  well  main- 
tained, would  please  me  much.  And  to  support  it  how  many 
specious  reasons  present  themselves  to  a  man  well  skilled  in 
electricity !  The  universality  of  electric  matter,  the  speed 
of  its  action,  its  inflammability,  and  its  quickness  in  igniting 
other  matters,  the  property  which  it  has  of  striking  bodies 
exteriorly  and  interiorly  to  their  smallest  particles,  the 
sin^lar  example  we  have  of  this  effect  in  the  Leyden  ez- 
penment,  the  idea  may  lawfully  be  maintained  by  supposing 
a  greater  degree  of  electric  fluid,  &c. ;  all  these  points  <^ 
analogy,  which  I  have  considered  for  some  time,  induce  me 
to  believe  that  we  might,  by  taking  electricity  for  a  model, 
form  more  enlightened  and  truer  ideas  concerning  thunder 
and  lightning  than  any  we  have  hitherto  imagined.** 

Wnat  Noilet  and  Wlnckler  expressed  as  a  matter  of 
doubt  was  soon  demonstrated  by  d'Alibard  and  Franklin. 
It  was  discovered  that  storms,  and  even  every  shower,  is 
accompanied  by  electricity.  They  varied  and  multiplied 
experiments ;  but,  after  Richmasin  was  killed  by  lightning, 
they  proceeded  with  more  prudence.  Before  describing  the 
apparatus  and  analysing  the  electric  phenomena,  I  tnink 
we  should  call  to  mind  the  elementary  principles  of  the 
theory  of  electricity. 

ELECTRIC  ATTRACTIONS  AND   REPULSIONS. — 

The  effects  of  electricity  developed  by^  friction  may  be  easily 
studied  with  glass  or  resin.  If  we  rub  sealing-wax  or  glass 
with  cloth,  or  rather  with  leather  spread  with  an  amalgam 

•  Lemons  de  Pbyaique,  t.  It.  p.  SU,  6th  «dltloii,  1771. 
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of  mercury,  then  light  bodies,  such  as  hair  and  feathers, 
may  be  attracted  from  a  certain  distance.*  But,  the  better 
to  understand  the  repulsive  force  of  electricity,  it  is  a  good 
plan  to  suspend  a  small  piece  of  cork  or  elder-pith  to  a 
thread  of  silk-worm^s  silk,  and  to  fix  the  upper  end  with  a 
portion  of  sealing-wax.  Silk,  resin,  glass,  and  other  bodies 
which  produce  electricity  by  rubbing,  easily  retain  electri- 
city on  their  surface,  whilst  metals,  water,  and  all  damp 
bodies,  let  it  pass  away  freely.  These  last-named  bodies 
are  called  conductors  or  anelectrics ;  the  others,  insulaHng 
bodies,  non-conductors^  or  idio-electrics. 

The  small  suspended  ball  will  be  projected  with  vivacity 
against  a  stick  of  resin  previously  rubbed;  then  it  will 
recede  after  having  touched  it,  and  it  will  be  repelled  as 
soon  as  the  stick  of  resin  is  brought  near  it.  The  same 
phenomena  occur  if  we  use  glass  instead  of  resin ;  and  we 
thence  conclude,  that  bodies  which  are  reciprocally  elec- 
trised by  contact  repel  each  other.  The  same  thing  hap- 
pens when  they  have  obtained  electricity  from  the  same 
source.  Fasten  two  smooth  and  flexible  wires  to  a  stick  of 
sealing-wax,  and  attach  to  the  extremity  of  each  of  them  a 
small  ball  of  cork.  If  the  two  balls  touch  each  other,  when 
they  are  in  the  natural  state,  they  will  recede  the  one  from 
the  other  as  soon  as  they  have  been  electrised  by  a  stick  of 
sealing-wax,  and  will  fall  back  on  each  other  as  soon  as  they 
are  touched  by  the  hand,  because  the  electricity  which  was 
communicated,  to  them  by  the  resin  is  conducted  by  the 
body  into  the  earth. 

These  experiments  exhibit  another  interesting  pecuU- 
arity.  If  the  little  ball  has  been  in  contact  with  the  resin, 
and  is  repelled  by  it,  it  will  be  attracted  more  strongly  by 
the  glass  than  if  it  had  not  been  in  contact  with  the  resin ; 
then,  if  it  touches  this  glass,  it  will  be  drawn  back  and  at- 
tracted anew  by  the  resin.  The  same  results  if  the  experi- 
ment had  been  made  in  an  inverted  order:  if  we  brins 
near  a  ball,  thus  electrised  by  resin  or  glass,  any  electrised 
bodies  whatever,  we  shall  always  find  that  they  will  attract 
or  repel  it.  But  we  see,  that  tnose  which  attract  it  when  it 
is  electrised  by  resin  repel  it  when  electrised  by  glass,  and 
reciprocally.  Thus  the  electricity  of  fflass  and  resin  haye 
the  common  character  of  attracting  and  then  repelling  light 

*  In  damp  weather,  doth  which  ooirtaSiw  oottoa  may  lead  to  error.  If 
we  lightly  rub  a  stick  of  ga*Q  lac,  covered  over  with  Uie  film  of  moietare 
that  the  air  has  deposited  on  it,  the  sign  will  be  podtive  instead  ot  negative. 
It  Is  only  by  onutinuing  the  flrlctlon  that  nes^ve  electricity  can  be  oIk 
",— M. 
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bodies ;  but  the  fact  we  have  just  enunciated  obliges  ns  to 
admit  two  kinds  of  electricity,  of  which  the  one  attracts  what 
the  other  repels. 

Several  hypotheses  have  been  proposed  to  explain  these 
two  phenomena:  two  have  been  adopted  by  philosophers. 
In  the  one,  two  different  electricities  are  admitted,  which  are 
represented  as  fluids:  the  one  is  developed  on  glass  when 
rubbed,  and  is  called  vitreous  electricity  \  the  other,  on  resin, 
is  called  resinous  electricity.  In  every  non-electrised  body, 
each  of  them  is  equal  in  quantitv  in  each  molecule ;  they 
mutually  attract  each  other,  and  do  not  manifest  their  pre- 
sence externally,  because  the  one  attracts  what  the  other 
repels.  But,  if  we  rub  certain  bodies  toother,  then  there  is 
a  separation  of  the  two  fluids.  The  one  is  in  a  greater  quan- 
tity than  the  other  in  the  former  of  the  two  bodies,  the 
otner  in  the  latter ;  and  they  manifest  their  presence  exter- 
nally. If  the  two  bodies  are  isolated,  as  in  certain  electric 
macnines,  the  experiment  always  shews  that  one  of  the 
bodies  is  vitreously  electrised,  the  other  resinously. 

In  the  secona  hypothesis,  which  is  due  to  Franklin, 
there  is  but  one  electnc  fluid.  Every  body  in  nature  pos- 
sesses a  certain  quantity  of  it,  and  it  is  then  found  in  its 
natural  state.  Friction  changes  this  state,  inasmuch  as  one 
of  the  bodies  gives  to  the  other  a  part  of  its  electricity. 
Thus  one  possesses  a  superabundant  quantity,  the  other 
has  less  than  its  proper  share;  or,  as  we  frequently  say, 
the  one  has  dk positive  electricity,  the  other  a  negative:  an 
expression  synonymous  to  vitreous  and  resinous  electricity, 
which  we  shall  sometimes  designate  by  abridged  notations, 
-HE.  and  — E.* 

Experiment  cannot  decide  between  these  two  hy]go- 
theses,  which  equally  explain  the  facts  observed;  and 
a  discussion  on  tneir  respective  merits  would  be  reduced 
to  a  dispute  of  words.     Let  us  simply  add,  that  it  is 


*  Modem  physics  lead  to  a  third  theory,  in  which  electric  phenomena  are 
considered  as  the  result  of  particular  modifications  in  the  imponderable 
fluid  which  fills  space,  and  which  we  call  ether.  We  know  that,  since  the 
discovery  of  interferences,  and  the  labours  of  Young  and  Fbbskbl,  light  it 
no  longer  considered  as  the  produce  of  an  emitted  substance,  but  ae  the 
result  of  an  oscillating  movement  of  the  molecules  otetker.  The  worits  of 
Professor  Mklloni  lead  to  the  same  consequences  for  heat.  In  his  TnUU 
sur  rEUctridtit  M.  Bbcquxecl  has  often  made  use  of  expressions  which 
indicate  his  tendency  to  admit  certain  vibratory  motions,  in  this  same  ether, 
as  being  the  cause  of  electric  phenomena.  In  fine,  M.  Pn.Tisa  has  distinctly 
laid  down  the  idea,  that  tlie  electric  phenomena  are  not  owing  either  to  one 
or  to  two  special  principles,  but  to  two  particular  states  of  one  and  the  same 
principle.  Having  completely  separated  the  static  fh>m  the  dynamic  phe- 
nomena, by  demonstrating  theee  o<Hnpletely  opposed  actions  (Annate*  dt 
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easy  to  distinguish  the  two  sorts  of  electricity.  If  we  ap- 
proach to  a  ball  of  elder  pith,  previously  electrised,  a  stick 
of  resin  that  has  been  rubb^  it  will  possess  negative 
electricity  if  the  stick  repels  the  ball ;  if  the  ball  be  attracted, 
it  is  because  it  contains  positive  electricity.  In  the  case  of 
the  attraction,  it  is  better  to  repeat  the  experiment  with 
rubbed  glass,  to  see  if  there  be  any  repulsion. 

BlaECTRlClTY  BY  INDUCTION.  —  Ck>nducting  iso- 
lated bodies  may  be  directly  electrised  by  contact,  like  the 
pith  ball ;  but  another  way  exists  of  destroying  the  equi- 
librium of  the  two  fluids  to  a  body  in  the  natural  state. 
If  the  latter  has  the  form  of  a  cylinder,  such  as  a  stick 
covered  with  ^It  paper,  and  if  we  hold,  at  the  distance 
of  several  centimetres,  a  rod  of  glass  previously  rubbed,  it 
will  give  unequivocal  signs  of  electncity,  which  will  be 
more  energetic  as  the  glass  rod  is  approached  nearer ;  but 
which  will  disappear  as  soon  as  we  withdraw  it.  If  we 
study  the  nature  of  the  electricity  of  the  cylinder,  electrised 
by  tne  influence  of  the  glass  (+£),  we  shall  find  — £  at  the 
end  nearest  the  glass,  and  4-E  at  the  opposite  extremity. 
Each  of  the  two  electricities  diminishes  as  we  pass  from 
the  extremities  towards  the  middle  part,  where  there  are 
no  more  signs  of  electricity.  On  using  a  rod  of  resin, 
previously  rubbed  ( — E),  the  same  'results  might  be  ob- 
tained ;  but  then  the  cylinder  would  have  had  +E  at  the 
end  nearest  the  resin,  and  — E  at  the  opposite  extremity. 
The  efiects  which  sometimes  take  place  m  the  clouds  are 
only  a  consequence  of  what  we  have  seen.  Indeed,  the  two 
electricities  exist,  in  each  molecule  of  the  cylinder,  in  an 
equal  quantity;  but  as  soon  as  we  bring  near  it  a  glass 
rod  that  has  been  rubbed,  its  positive  electricity  decomposes 
the  neutrd  electricity  of  the  cylinder ;  it  attracts  — E,  which 
is  concentrated  at  the  nearer  extremity,  whilst  it  repels  +E, 
which  is  accumulated  at  the  other  end.    As  soon  as  we  with- 


Ckimie  et  de  P^Hque,  t.  67),  be  has  thence  deduced  Chat  the  fonner  are,  and 
oQuld  only  be»  the  result  of  an  unequal  distribution  of  the  ethereal  subsUnoe 
itself  inChe  bodies ;  and  the  latter  only  the  product  of  the  propagation  of 
this  ett«r  between  the  molecular  interstices  of  the  conductors,  in  order  to 
re-ertablish  the  equilibrium  between  the  body  which  possesses  the  most 
of  it  and  that  which  possesses  the  least.  From  the  action  of  bumlng 
bodies,  which  always  give  Uie  resfnout  sign  to  the  substances  with  whi(£ 
they  combine,  firom  the  constant  presence  of  ponderable  matter  in  all  elec- 
tric phenomena,  and  from  the  powerftil  retinout  tension  of  the  terrestrial 
globe,  he  has  concluded  that  the  resHtout  state  Is  indication  of  a  greater 
ooerdon  of  the  eM«r,  and  that  the  vHreotu  state  Is  a  lesser  coercion  than 
In  the  natural  state.  The  words  negative  and  poeitive  being  contrary  to 
the  phenomena  such  as  he  considers  them,  he  prefers  the  words  resimme 
mod  wUreomt,  ••  more  inslgniflcaDt.— IC 
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draw  this  glass  rod  the  two  electricities  unite,  and  become 
neutralised. 

We  should  have  had  the  same  phenomena,  if  instead  of 
fflass  we  had  taken  a  metallic  sphere,  isolated  and  electrised 
by  induction.  In  this  case  the  experiment  shews  that  the 
electric  force  varies  acoordiuff  to  different  circumstances. 
If  the  sphere  is  withdrawn  from  every  conducting  body, 
then  each  point  of  its  surface  possesses  the  same  quantity  of 
electricity ;  but,  as  soon  as  we  brin^  it  near  to  the  cylinder, 
the  equilibrium  is  destroyed,  the  electricity  accumulates  on 
the  portion  turned  towards  the  cylinder,  and  diminishes 
in  intensity,  radiating  from  this  centre.  The  nearer  the 
cylinder  is  to  the  sphere,  the  more  the  intensity  increases ; 
because  the  electricity  of  the  sphere,  by  attracting  the  elec- 
tricity of  the  contrary  name  or  the  cylmder,  is  attracted  by 
it  in  turn,  and  accumulates  in  a  greater  quantity  in  the  cor* 
responding  point. 

Things  beinff  thus  arranged,  if  we  leave  the  cylinder 
and  sphere  in  their  relative  positions,  but  connecting  the 
extremity  of  the  cylinder  that  is  farthest  from  the  sphere 
with  the  earth,  then  the  part  of  this  sphere  near  the  oppo- 
site end  will  be  charged  with  a  still  greater  quantity  of 
electricity.  If  we  destroy  the  communication  between  the 
cylinder  and  the  earth,  then  we  may  deprive  the  sphere  of 
all  its  electricity,  and  the  cylinder  is  charged  on  the  whole  of 
its  surface  with  the  electricity,  which  was  developed  at  the 
extremity  turned  towards  the  sphere.  If  the  sphere  had 
+£,  it  would  strongly  attract  ^£  at  the  nearer  extremity 
of  the  ^linder ;  but  this  attraction  was  weakened,  because 
+  £  of  the  other  extremity  attracted  —  £  of  the  cylinder, 
and  repelled  -f  £  of  the  sphere.  But,  as  soon  as  this  ex- 
tremity has  been  brought  into  connection  with  the  earth, 
then  +  £  flows  into  the  gn  und ;  +  ^  of  the  sphere,  and 
—  £  of  the  cylinder,  can  then  act  on  one  another  with  more 
energy.  If  +  £  of  the  sphere  is  taken  away,  then  —  £  of 
the  cylinder  remains  on  its  surface,  because  +  £  has  flowed 
away  into  the  earth. 

These  effects  always  occur,  whatever  be  the  form  of  the 
two  bodies  placed  in  juxtaposition.  Take,  for  example, 
large  metallic  discs,  and  suspend  them  at  a  certain  distance 
from  each  other;  place  the  lower  one  in  connexion  with 
the  earth,  the  upper  one  with  a  source  of  electricity :  the 
lower  one  will  have  its  upper  face  charged  with  a  strong 
proportion  of  electricity,  or  a  contrary  sign  to  that  of  the 
upper  plate.  This  experiment  enables  us  to  accumulate  a 
great  quantity  of  electricity  in  a  conductor,  and  to  retain  it 
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there  for  a  long  time ;  for,  if  we  leare  an  insulated  conducting 
body  to  itself,  we  find  that  the  electricity,  which  has  been 
communicated  to  it,  always  becomes  weaker,  and  finally 
disappears  entirely ;  and  the  faster  in  proportion  as  the  air 
18  damper  and  the  barometer  lower.  Dry  air  is  an  insulat- 
ing body,  but  the  mobility  of  its  particles  diminishes  this 
property ;  indeed,  the  electrised  body  attracts  a  molecule, 
electrises  it,  then  repels  it ;  it,  therefore,  carries  off  a  small 
quantity  of  electricity.  This  effect,  on  being  often  renewed, 
finishes  by  restoring  the  conductor  to  the  neutral  state.  The 
effect  is  still  more  rapid  if  the  air  be  damp ;  for  the  vapour 
of  water  conducts  the  electricity,  and  diminishes  the  action 
of  isolating  supports  by  depositing  itself  on  their  surface. 
It  is  for  the  same  reason  that  a  conductor  can  only  borrow 
from  a  constant  source  of  electricity  a  given  quantity  of 
fluid.  If  we  turn  the  plate  of  an  electric  machine,  the 
quantity  of  electricity  increases  rapidly  on  its  conductors ; 
but  at  the  end  of  a  very  short  time  it  reaches  its  maximumj 
and  it  is  in  vain  to  turn,  there  is  no  further  augmentation. 
It  is  because  the  air  carries  off  from  the  conductors  every 
moment  as  much  electricity  as  they  receive. 

The  phenomena  due  to  electricity  by  induction  prevent 
the  loss  of  electricity.  In  the  experiment  of  the  two  discs 
suspended  over  one  another,  +  h  acts  on  —  E  with  such 
energy,  that  the  effect  of  the  aerial  particles  is  much 
weaker,  and  the  loss  much  less.  Let  us  bring  to  the  maxi- 
mum the  electricity  of  a  plate  joined  to  the  electric  machine^ 
then  let  us  hold  for  some  time  the  other  disc  below  it ;  if 
we  measure  comparatively  the  electric  tension  after  having 
withdrawn  the  lower  disc,  we  shall  find  that  it  has  become 
stronger :  the  pressure  of  the  lower  disc  restrained  it,  that 
is  to  say,  prevented  it  from  acting  without, — an  effect  which 
is  reproduced  as  soon  as  we  have  taken  it  away. 

The  phenomena  of  which  we  have  just  spoken  shew 
themselires  every  instant  in  the  atmosphere.  A  cloud 
charsed  with  electricity  acts  by  induction,  not  only  on  other 
clouds,  but  even  on  the  eartn ;  to  the  surfiice  of  which  it 
attracts  electricity  of  a  contrary  name.  It  is  also  on  these 
principles  that  all  the  apparatus  rest,  which  we  use  to  mea- 
sure the  atmospheric  electricity.  These  effects  not  only 
take  place  when  the  two  bodies  are  separated  by  an  insu- 
lating bed  of  air,  but  even  when  idio-electric  bodies,  such 
as  resin,  or  glass,  are  interposed  between  them.  The  insu- 
lating bed  formed  of  the  iaio-electric  bodies  need  not  be  so 
thick  as  that  of  dry  air,  and  the  electricity  produced  by  in- 
duction is  stronger  in  proportion  as  the  msulating  body  it 
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thinner.    The  construction  of  the  Leyden  jar  is  founded 
precisely  on  this  property. 

EliECTROMSTERS. — These  instruments  serve  to  re- 
cognise and  to  measuie  atmospheric  electricity.  That  of 
Volta  is  composed  of  a  glass  jar,  surmounted  hy  a  metallic 
rod,  which  passes  into  tne  jar,  and  carries  two  straws  fireely 
suspended,  a  very  fine  metallic  wire  passing  through  a 
hole.  It  is  good  sometimes  to  choose  for  these  straws  por- 
tions of  certain  light  stuhble,  furnished  by  species  or  the 
genus  Poa  or  Agrastit,  As  soon  as  the  straws  are  elec« 
trisedf  they  separate.  A  scale  is  pasted  on  the  side  of  the 
fflass.  In  Voita'B  electroscope  the  divisions  were  at  the 
distance  of  a  millimetre.  When  the  electric  tension  is  very 
strong,  as  in  storms,  this  instrument  is  not  good;  we  then 
prefer  a  less  sensitive  electroscope,  in  which  little  pieces  of 
wood  are  used  instead  of  Volta's  straws.  To  renaer  these 
instruments  comparable,  thev  are  made  to  communicate 
with  the  same  source  of  electricity;  and  the  respective 
deviations  that  take  place,  when  equal  quantities  are  com- 
municated, are  measured. 

To  study  the  electricity  of  the  clouds,  Franklin  was  the 
first  to  employ  the  electric  kite.  He  fastened  a  common 
kite  to  a  ball  of  pack-thread,  either  wetted,  or  containing  a 
fine  metallic  wire ;  when  the  kite  rose,  he  placed  the  ball  of 
thread  in  connexion  with  an  electrometer.  This  experi- 
ment is  very  dangerous ;  it  is  better  to  employ  insulating 
conductors,  which  are  fixed  on  the  roof  of  a  house  or  to  a 
glass  rod,  the  electric  state  of  which  is  then  studied  by  the  aid 
of  the  electrometer.*  According  to  Volta,  an  iron  wire  two 
metres  long,  held  vertically,  perfectly  fulfils  the  end  pro- 
posed. If  a  positive  cloud,  for  instance,  is  formed  above 
the  rod,  it  is  negativelv  electrised  at  its  upper  extremity, 
and  positively  at  the  lower.  To  measure  the  tension  at 
one  of  the  extremities,  it  is  sufiicient  to  dischai^e  the  lower 
extremity  and  to  examine  the  electric  state  ofa  bidl  situ- 
ated at  the  other  extremity;  this  electricity  will  always 
have  a  sign  contrary  to  that  of  the  atmosphere.    Conlomb, 


*  Fbakklih,  In  his  excellent  work  on  the  influence  of  points,  hftd  indl- 
etted  the  means  of  inrestlgation  which  he  proposed  using  to  study  the  elec- 
tricity of  the  clouds;  but  it  was  in  1758  that  d'Aliba&d  was  first  to  mount  at 
Marly-la-Ville  a  fixed  apparatus,  with  which  he  drew  forth  sparks  from  a 
storm  cloud,  and  it  was  Ronis  who  first  sent  up  the  electric  kite.  In  the 
same  year.  See  the  translation  of  Fbamklin's  Latent  by  d'Aubakd,  8d 
edit.  t.  il.  p.  99,  and  that  of  Babbsu-Duboubo,  1st  part,  p.  106 ;  the  Mimotrtt 
det  SavanU  Btranger$  de  rjcad.  da  Sdencet  de  ParUt  t.  U.  p.  883 ;  and 
finally,  Fbamklik's  Letter  to  CoLurooir,  on  29th  July,  17M),  and  that  of 
I9th  October,  176S.— M. 
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and  all  other  philosophers,  have  had  recourse  to  this 
process.  It  is  better  to  terminate  the  rod  in  a  point,  whidi 
will  allow  the  electricitv  with  which  it  is  charged  to  escape; 
the  lower  extremity  will  then  preserve  the  same  electricity 
as  that  of  the  clouds.  The  flame  of  a  piece  of  tinder,  or  a 
lock  of  flax,  or  a  brimstone  match,  or  a  spirit  of  wine  lamp, 
placed  on  the  extremity  of  the  rod,  favours  still  more  the 
electric  radiation,  and  the  quantity  of  electricity  becomes 
more  considerable  in  the  lower  extremity.*^  To  discover 
the  nature  of  the  electricity,  we  bring  near  to  the  electro- 
meter a  rod  of  resin  that  has  been  rubbed :  if  the  parts 
recede  further,  they  aie  charged  with  negative  electricity ; 
if  they  approach  each  other,  they  contain  positive  elec- 
tricity. I  prefer  Bohnenberffer's  electrometer,  which  in- 
dicates more  surely,  and  more  quickly,  the  nature  of  the 
electricity. 

If,  in  an  open  plain,  or  on  the  top  of  an  elevated  edifice, 
we  make  experiments  of  this  kind,  we  almost  always  obtain 
signs  of  atmospheric  electricity ;  but,  if  the  observer  be  sur- 
rounded by  objects  which  are  higher  than  he  is,  then  he 
does  not  obtain  any  electric  sign :  in  this  case,  he  must  em- 
ploy the  condenser  devised  by  Volte.  Above  the  metallic 
rod  which  bears  the  straws  a  disc  of  copper  is  fixed,  of  from 
four  to  six  centimetres  in  diameter,  perfectly  smooth,  and 
having  its  upper  surface  coated  with  a  varnish  of  lac;  a 
second  disc  is  coated  with  a  similar  varnish,  and  surmounted 
by  a  glass  rod.  Let  us  suppose  that  space  is  charged  with 
a  very  weak  positive  electricity ;  this  will  not  be  able  to 
diverge  the  two  straws,  because  the  electricitv  is  distributed 
in  its  course  along  the  metallic  rod.  But  if  we  place  these 
two  discs  on  one  another,  making  the  upper  one  communi- 
cate with  the  earth,  this  will  be  negatively  electrised  (^£) 
at  its  lower  part,  and  will  ffx  the  positive  electricity  (+£) 
of  the  electroscope  on  the  upper  part  of  the  lower  plate ; 
then  the  instrument  ¥dll  be  able  to  receive  a  fresh  quantity 
of  it  through  the  rod :  if  afterwards  we  lift  up  the  upper 
plate,  there  will  be  a  very  strong  divergence  of  the  two 
straws. 

Volte  has  described  this  process  in  detail  in  his  Lettrei 
MStiorologiqueg  ;  and  M.  CoUadon  shews  that  we  may  use 
with  advantage  thedeviation  of  the  magnetic  needle  produced 
by  electric  currents.  This  method  appears  to  me  preferable, 
when  we  observe  with  a  fixed  apparatus.    M.  Peltier  was 

10  Vide  Note  4  Appendix,  No.  IL 
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the  first  to  construct  an  apparatus  of  this  kind,  capahle  of 
giving  rigorous  results;  M.  Beeqnerel  has  minutely  de- 
scribed it  in  his  work  on  electricity.* 

CAUSBB    OF    ATM08PHBRIC     EIiECTRICITY. — 

After  having  discovered  that  storm-clouds  were  highly 
charged  witn  electricity,  it  was  perceived  that  rain  was 
almost  always  electric,"  and  that  there  was  electricity  in 
the  air,  even  during  the  calmest  weather ;  and  the  question 
of  its  origin  presented  itself.  Friction  was  then  the  only 
known  productive  cause  of  electricity ;  it  was  thought  that 
that  of  the  atmosphere  proceeded  from  the  friction  of  masses 
of  air  against  one  another.  Notwithstanding  the  objections 
of  several  philosophers,  I  do  not  think  that  this  cause  is 
completely  null :  when  we  shake  in  the  air  a  piece  of  silk, 
it  is  electrised ;  why  then  should  it  not  be  the  same  with 
two  masses  of  air  ?  If  the  temperature,  moisture,  &c.  of  the 
two  masses  are  the  same,  there  will  be  no  production  of 
electricity,  in  the  same  way  that  there  will  be  none  if  we 
rub  two  perfectly  similar  rods  of  resin  together.  But,  as 
soon  as  one  of  them  becomes  warmer  than  the  other,  the 
cooler  becomes  positive,  the  warmer  n^ative :  a  law  veri- 
fied for  all  bodies  of  the  same  nature  when  rubbed  against 
one  another.  Thus,  then,  the  upper  masses  of  air  would  be 
positive,  the  lower  ones  negative.'' 

Chemical  actions,  which  are  constantly  taking  place  in 
the  atmosphere,  are  infinitely  more  powerful ;  we  shall 
place  evaporation  in  the  first  rank.  Volta  first  shewed 
that  evaporation  produced  electricity ;  de  Sanssure  con- 
firmed this  opinion.  But  M.  Poulllet  has  described  the 
details  and  conditions  of  the  phenomenon.  Pure  and  sim- 
ple evaporation  does  not  produce  any  electricity,  provided 
there  be  no  chemical  decomposition  :  if  distilled  water  eva- 
porates on  platinum  plates,  there  is  no  production  of  elec- 
tricity ;  but  if  we  add  portions,  however  small  they  be,  of 
salts,  acids,  &c.,  then  there  is  a  production  of  electricity  as 
soon  as  the  vapour  of  water  is  separated  from  the  bodies  to 

*  M.  Pn.Tm  has  since  derised  a  n«w  electrometer  whose  Indicsttons  are 
much  more  extended,  and  the  reading  more  certain,  than  In  the  usual  elec- 
trometers. Independently  of  the  differences  In  Its  form  and  Indez-necdle, 
the  rod  of  this  Instrument  is  not  terminated  by  a  point ;  it  is,  on  the  con- 
trary, surmounted  by  a  ball  of  polished  metal.  It  is  by  means  of  these  ball 
electrometers  that  he  has  endeavoured  to  shew  that  the  atmosphere  has  no 
electricity  of  its  own,  that  it  yields  nothing  to  the  instrument;  that  it  is  the 
terrestrial  globe,  which  is  a  body  permanently  charged  with  rainom  eleo- 
trlcity,  which  acts  on  the  instrument  by  Induction,  when  it  is  n^sed  and 
lowered.  (Vide  Annalet  de  Chimie  etPfi$imie,  3d  series,  t.  It.)— M. 
"  Vid£  Note  k.  Appendix,  No.  II.  «  VkU  NoU  i,  Appendix,  No.  U. 
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which  it  was  united.  The  vapour  is  poritively  electrised, 
the  vessel  negatively ;  now,  as  the  earth  incessantly  emits 
vapours,  and  the  water  in  nature  always  contains  foreign 
suDstances  in  solution,  the  vapours  rise  charged  with  posi- 
tive electricity,  whUst  the  earth  preserves  negative  elec- 
tricity.** 

CJomhustion  is  another  productive  cause  of  electricity. 
When  coal  is  burning,  a  current  of  carbonic  acid  escapes 
positively  electrised,  whilst  the  coal  remains  negative.  The' 
atmosphere,  therefore,  contains  all  the  electricity  that  re- 
sults from  combustions  made  on  the  surface  of  the  earth. 
Indeed,  when  plants  spring  up,  the  carbonic  acid  they  ex- 
hale carries  off  the  positive  electricity,  whilst  the  vessels 
through  which  the  gas  escapes  remain  charged  with  nega- 
tive fluid ;  the  same  thing  probablv  takes  place  during  the 
life  of  the  plant,  from  whence  results  a  great  proportion  of 
the  positive  electricity  which  vegetation  pours  into  the  atmo- 
sphere. 

EliECTRiC  XilGHT.  —  When  two  fluids  of  contrary 
names  unite  by  passing  over  a  badly  conducting  body,  there 
is  a  production  of  sparks  if  they  are  in  a  sufficient  quantity. 
They  may  even  be  observed  when  a  rod  of  resin  is  rubbed 
in  the  dark,  and  touched  by  the  flnger ;  with  the  electric 
machine  and  other  energetic  apparatus,  the  phenomenon  is 
still  more  evident.  If  the  sparK  crosses  the  air,  we  hear  a 
dry  noise,  the  intensity  of  wnich  is  in  general  in  proportion 
to  that  of  the  light. 

Without  entering  further  into  details  on  the  nature  of 
this  spark,  I  will  content  myself  with  a  few  remarks  which 
apply  to  thunder.  The  more  intense  electricity  is,  or,  in 
other  .terms,  the  more  electricity  there  is  passing  through 
the  air  in  a  given  time,  the  whiter  and  more  dazzling  is  the 
light.  The  light  which  escapes  from  the  obtuse  extremi- 
ties of  the  machine  is  reddish  and  violet ;  it  only  becomes 
white  on  a  point  where  it  is  more  concentrated.  In  the 
same  way,  tne  spark  from  a  Leydcn  jar  is  of  a  dazzKng 
white.  If  in  the  vacuum  of  an  air-pump  we  place  two 
bodies  between  which  an  electric  spark  is  made  to  pass,  the 
latter  will  appear  under  the  form  of  a  violet  light,  whilst  it 
is  white  and  circumscribed  in  air  that  preserves  its  habitual 
density.  Between  storm-clouds  that  are  near  the  earth,  the 
sparks  are  of  a  dazzling  white ;  storms,  on  the  contrary, 
which  are  at  a  great  height  in  the  atmosphere,  cast  forth 
reddish  or  violet  lightnings. 

la  Vide  Note  m.  Appendix,  No.  II. 
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When  the  tension  of  the  two  electricities  which  unite 
is  considerable,  the  spark  does  not  alwa^  follow  a  straight 
Une ;  this  is  even  seen  in  weak  machines,  where  it  often 
divides  and  moves  in  a  zigzag.  If  a  little  ball  is  fixed  to 
the  conductor  of  a  machine,  and  the  hand  be  held  open  at  a 
certain  distance,  then  it  is  often  struck  by  ramified  sparks : 
slight  differences  in  the  constitution  of  the  air,  particles  of 
di^  which  are  often  found  on  the  path  of  the  spark,  are 
the  probable  causes  of  its  division.  It  is  the  same  with 
lightning  during  a  violent  storm. 

EIiBCTRICITY  DURING  8BRBNE   WBATHBR. — 

When  the  sky  is  dear  and  without  clouds,  a  sensitive  in- 
strument placed  in  an  open  place  almost  alwa^  indicates 
positive  electricitjr ;  it  only  becomes  negative  in  the  case 
where  there  are  distant  storms.  But  this  positive  electricity 
varies  in  intensity ;  passing  clouds,  puffs  of  wind,  modify  it 
in  a  few  seconds.  The  causes  of  these  changes  have  not 
been  as  yet  sufficiently  studied.  If  we  always  observe  at 
stated  hours,  we  find  in  our  countries  the  existence  of  a 
curve,  the  elements  of  which  da  Sanasiire  and  8eh«bl«r 
have  endeavoured  to  determine. 

At  sunrise  the  atmospheric  electricity  is  feeble ;  it  con- 
tinues to  increase  as  the  sun  rises  and  the  vapours  are  col- 
lecting in  the  lower  regions  of  the  atmosphere.  This 
increasing  period  lasts  in  summer  till  6  or  7  o*clock  in  the 
morning ;  in  the  spring  and  autunm,  till  8  or  9 ;  and  in 
winter,  till  10  or  12  o'clock  in  the  day.  By  degrees  the  ten- 
sion attains  its  maximum ;  during  this  time  the  Tower  regions 
are  filled  with  vapours,  the  humidity  of  the  air  increases, 
and  the  hygrometric  tension  is  stronger  than  in  the  mom- 
ins  ;  in  the  cold  season  there  is  often  fog.  Generally  elec- 
tncity  decreases  immediately  after  attaining  its  maximum,  at 
first  rapidly,  then  more  slowly.  The  visiUe  vapours  of  the 
lower  strata  disappear,  the  fop  disperse,  the  atmosphere 
becomes  clear,  and  distant  objects  seem  to  approach  the 
spectator.  Towards  2  o'clock  m  the  afternoon,  the  atmo- 
spheric electricity  is  very  feeble,  and  scarcely  stronger  than 
at  sunrise.  It  continues  to  diminish  till  about  two  hours 
before  sunset ;  in  summer,  till  4,  5,  or  6  o'clock  in  the  even- 
ing ;  in  winter,  till  5  o'clock.  Its  mimmum  lasts  longer  than 
its  maximum.  As  soon  as  the  sun  approaches  the  norizon 
it  again  begins  to  advance,  increases  sensibly  at  the  moment 
of  sunset,  goes  on  increasing  duiing  twilight,  and  attains  a 
second  maximum  an  hour  and  a  half  or  two  hours  after 
sunset.    Then  vapours  form  in  the  lower  regions  of  the 
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air,  damp  increaBes,  and  the  night-dew  falls.  This  second 
maximum  usually  equals  that  of  the  morning,  hut  it  con- 
tinues a  shorter  time,  and  the  electricity  decreases  slowly 
till  the  next  morning. 

It  is  desirahle  to  multiply  this  kind  of  ohservation  in 
such  a  manner  as  to  possess  series  comprising  several  years, 
in  order  that  we  may  kuow  the  relation  which  exists  hetween 
these  indications  and  those  of  other  instruments.  I  have 
h^un  series  at  different  periods,  hut  the  unfavourahle  situ- 
ation of  my  house,  and  other  circumstances,  have  prevented 
my  continuing  my  lahour.  The  results  obtained  at  Halle 
have,  however,  appeared  to  me  to  differ  from  those  iound 
in  south  Crermanv.  It  is  the  same  on  the  mountains.  But 
observations  on  the  Alps  seem  to  shew  that  there  is  but  one 
minimum  in  the  morning  and  one  maximum  in  the  evening. 

Besides  the  diumai  period,  there  is  also  an  annual 
period.  Positive  electricity  in  serene  weather  is  much 
stronger  in  winter  than  in  summer,  and  varies  in  a  regular 
manner  in  the  interval  which  separates  these  two  seasons. 

The  want  of  prolonged  observations  does  not  permit  me 
to  point  out  the  cause  of  this  difference.  The  vapours 
which  are  incessantlv  rising  from  the  lower  regions  take 
with  them  into  the  elevated  regions  a  considerable  quantity 
of  positive  electricity,  the  presence  of  which  is  shewn  by  the 
instrument.  We  may,  however,  ask  ourselves  if  the  chan^ 
we  observe  in  the  lower  have  really  a  range  agreeing  with 
the  mean  state  of  the  upper  strata.  Experiment  shews  us 
that  positive  electricity  becomes  stronger  as  we  rise  higher 
in  the  atmosphere.  The  absolute  height,  and  the  absence  of 
all  shelter,  nave  a  great  influence :  thus  de  Sanssure  did 
not  fear  to  say  that  we  should  have  as  strong  an  electricity  on 
a  plain  as  on  the  top  of  a  mountain,  if  we  were  not  sur- 
.  mounted  by  surrounding  objects.  Two  conditions  modify 
the  indications  of  our  instruments :  they  are  the  electricity 
of  the  air,  and  its  insulating  power. 

Let  us  suppose,  for  greater  simplicity,  that  the  air  on  the 
surface  of  the  earth  does  not  possess  electricity,  and  that  we 
find  onlv  at  a  certain  height  an  aerial  stratum,  which  gives 
signs  of  electricity :  it  is,  therefore,  as  though  an  electrised 
body  were  suspended  above  the  earth ;  this  body  acts  down- 
ward, by  contact  and  by  induction.  Which  of  these  two 
modes  of  action  is  it  that  has  the  advantage  over  the  other  P 
This  is  a  point  difficult  to  decide.  Perhaps  both  have  equal 
influence ;  but  when  the  sky  is  clear,  as  in  the  present  case, 
it  is  the  mode  by  induction  which  is  the  more  powerful. 
The  positive  electricity  of  space  attracts  negative  electricity 
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into  the  point  of  the  metallic  rod ;  positive  electricity  is  re« 
pelled  into  its  lower  part,  and,  as  the  former  passes  away, 
the  latter  ^ves  sisns  of  its  presence.  Let  us  suppose  that 
the  electricity  of  the  vault  of  the  sky  always  preserved  the 
same  intensity,  but  approached  the  earth ;  then,  surely,  the 
electricity  produced  by  induction  on  the  electrometer  would 
have  a  stronger  tension :  but,  at  equal  distances,  the  insu* 
lating  action  of  the  air,  which  is  not  the  same,  would  pro- 
duce an  analogous  effect.  Let  us  call  to  mind  the  experiments 
of  the  electrical  machine :  the  distance  of  two  bodies  not  being 
changed;  the  electricity  produced  by  induction  is  the  more 
energetic  when  the  two  bodies  are  separated  by  a  stratum 
of  air ;  but  bodies  that  are  bad  conductors,  such  as  glass  and 
resins,  without  being  so  thick,  determine  a  tension  equally 
strong.  These  experiments  clearly  shew,  that  at  equal  dis- 
tances we  obtain  different  tensions,  according  to  the  insu- 
lating power  of  the  interposed  bodies.  It  is  very  possible 
that  experiments  made  in  the  same  place,  but  in  different 
thermometric  and  hygrometric  states,  would  give  very  un- 
equal tensions,  even  though  the  distance  should  still  remain 
the  same.  With  a  dry  air,  which  insulates  ver}^  well,  the 
tension  will  be  less  than  in  damp  weather. 

The  same  thing  probably  taxes  place  in  the  atmosphere. 
The  force  of  the  electricity  of  high  regions  remaining  the 
same  at  equal  distances,  that  of  a  contrary  name,  which  is 
attracted  in  the  earth,  will  increase  or  dimmish  as  the  air  is 
damp  or  dry;  and  the  observer  would  be  wrong  to  con- 
clude that  that  of  space  has  increased  or  diminished. 

The  hypothesis  we  have  formed  is  never  completely 
realised  in  nature:  for,  as  vapours  are  incessantly  rising, 
and,  vegetation  being  in  activity  during  a  part  of  the  year, 
the  earth  is  in  a  negative  state,  whilst  the  atmosphere  is 
positive.  Each  aerial  particle  equally  possesses  positive 
electricity ;  but  the  influences  of  the  earth,  and  those  of  the 
upper  strata,  decompose  the  two  electricities  of  the  particle, 
wtiich  will  be  charged  at  its  lower  part  with  a  little  more 
positive  electricity  than  at  the  upper.  This  renders  the 
question  of  the  increase  of  electricity  with  the  height  sin- 
gularly complicated.  All  the  particles  act  on  the  rod  which 
surmounts  the  electrometer,  but  their  action  diminishes 
with  the  distance,  and  is  much  less  energetic  as  the  air  insu- 
lates better.  What  the  observer  regards  as  an  effect  of  the 
upper  strata  is  often  owing  to  the  action  of  the  strata 
scarcely  elevated  a  hundred  metres  above  the  instrument. 

I  have  thought  it  necessary  to  consign  these  remarks  to 
this  place,  for  a  greater  degree  of  importance  is  ofteti 
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Bssiened  to  the  indications  of  the  electrometer  than  they 
really  possess.  If,  then,  we  endeavour  to  explain  the  diurnal 
and  annual  variations  of  electricity,  we  must  not  lose  sight 
of  the  hygrometric  state  of  the  air.  After  sunrise,  evapora- 
tion hegins  with  the  increase  of  temperature ;  a  multitude  of 
vapours,  charged  with  positive  electricity,  rise  in  such  a  man- 
ner, that  a  greater  numher  of  electrised  bodies  are  found  in 
the  lower  strata  than  during  the  night.  But  the  quantity 
of  vapour  of  water  contained  in  a  cubic  metre  of  air  princi- 
pally increases  in  the  lower  strata,  and,  as  the  air  is  still 
rather  damp,  the  particles  may  act  at  a  distance  on  the  elec- 
trometer, the  tension  of  which  increases.  In  proportion  as 
the  temperature  rises,  the  evaporation  becomes  more  active ; 
but  in  summer  it  produces  at  the  same  time  an  ascending 
current,  which  carnes  away  the  vapours  with  it,  the  quantity 
of  which  diminishes  below  about  9  o'clock  in  the  morning ; 
then  fewer  particles  act  on  the  electrometer ;  and,  as  the  re- 
lative humiditv  tends  to  diminish,  the  action  by  induction 
is  less  energetic :  hence  the  maxtmum  which  precedes  this 
moment.  As  soon  as  the  ascending  current  becomes  more 
energetic,  the  vapours  rise  faster,  the  dryness  increases 
below,  the  tension  diminishes,  and  we  find  a  rnxnirnum  which 
succeeds  the  greatest  diurnal  heat.  Then  the  ascending 
current  is  reduced,  the  vapours  do  not  rise  any  higher^  the 
air  becomes  damper,  the  greater  proportion  of  aerial  or 
aqueous  particles  endowed  with  electricity,  which  are  formed 
in  the  neighbourhood  of  the  electrometer,  act  more  strongly 
on  it,  through  the  medium  of  damp  air;  the  tension  m- 
ereases,  and,  at  the  time  when  the  pressure  of  the  aqueous 
vapour  is  as  strong  as  possible,  the  electricity  also  attains  its 
maximum.  The  evaporation  then  diminishes,  the  vapour  is 
precipitated,  and  the  electric  tension  continues  to  decrease 
till  the  next  morning.  In  winter,  when  evaporation  and 
vegetation  are  much  less  active  than  in  summer,  the  ten- 
sion is  nevertheless  stron^r ;  the  reason  of  it  is  in  the  less 
insulating  power  of  the  air,  which,  being  damper,  permits  a 
greater  number  of  particles  to  act  on  the  instrument. 

To  follow  these  laws  into  their  minutest  details,  it  would 
be  necessary  to  observe  the  electrometer  for  a  long  series  of 
years,  simultaneously  with  other  instruments  in  different 
places.  However,  the  few  facts  we  possess  give  a  high  de- 
gree of  probability  to  the  theory  laid  down ;  for  in  sum- 
mer, when  the  quantity  of  vapour  of  water  is  much  less 
during  the  afternoon  than  in  the  evening  or  morning,  we 
find  the  greatest  diminution  of  electricity  in  the  afternoon ; 
then  the  vapours  ascend  rapidly  towards  the  upper  strata, 
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their  auantity  increases,  and  the  relative  hmnidity  chanm 
much  leas  than  in  the  lower ;  it  is  even  stronger  in  the 
afternoon  than  in  the  morning,  and  the  electricity  only 
attains  its  maximum  in  the  afternoon.  Perhaps  it  is  the 
same  on  the  coasts  of  the  sea ;  for  in  winter,  wnen  the  air 
attains  its  maximum  of  humidity  in  the  afternoon,  the  elec- 
tricity attains  its  maximum  at  the  same  epoch  (see  Note  £). 

EIiECT&ICITY   OF  DEW  AND    F008.  — When  the 

yapour  of  water  is  preci[>itated  into  the  atmosphere,  a  greater 
or  less  quantity  of  positive  electricity  becomes  free.  How- 
ever, whether  the  au^entation  of  electric  tension  is  due  to 
the  damp  air  permittmg  the  more  distant  particles  to  act  on 
the  electrometer,  or  whether  the  electricity  becomes  free 
through  the  precipitation  of  vapours  in  the  same  manner 
as  latent  heat,  is  difficult  to  decide.  Indeed,  electricity  is 
very  strong  when  the  dew  is  deposited ;  if  this  is  abuncumt, 
then  the  maximum  of  the  diurnal  period  takes  nlace  to- 
wards evening.  The  signs  of  electricity  are  also  vezy 
marked  during  foff ;  all  observers  have  acknowledged  it,  and 
de  Baussiire  affirms  that  he  never  saw  a  fog  without  a 
notable  developement  of  electricity.  In  general,  it  is  posi- 
tive and  stronger  in  winter  than  in  summer,  according 
to  Sci&nbler's  observations.  The  electricity  is  stronger  as 
the  fogs  are  thicker ;  they  rarely  give  si^s  of  negative 
electricity :  yet  these  phenomena  are  too  little  known  for 
me  to  be  able  to  enter  mto  further  details.'^ 

The  received  opinion,  on  the  increase  of  electricity  during 
the  formation  of  fogs,  deserves  to  be  submitted  to  new 
experiments.  We  must  not  forget  that  but  few  experi- 
ments on  atmospheric  electricity  exist.  For  whole  months, 
meteorologists  oo  not  observe  the  instruments.  If  a  storm 
arises,  or  rather,  if  the  straws  of  the  electrometer  diverge 
strongly,  then  they  look  at  them  and  note  their  indications. 
But  we  cannot  conclude  from  these  indications  whether  the 
divergence  was  strong  or  weak  relatively  to  the  mean  diver- 
gence. From  my  own  observations  at  Halle,  I  should  be 
tempted  to  believe  that,  during  a  fog,  the  electricity  is 
weaker  than  in  clear  and  damp  weather.  On  the  Alps  I 
have  always  found,  under  these  circumstances,  a  strong 
positive  electricity;  but  as  soon  as  clouds  approached  its 
mtensity  diminished,  and  it  was  almost  null  when  I  waa 
surrounded  by  clouds:  at  Halle,  the  same  remarks.  It 
is  for  experiment  to  decide  if  these  are  exceptional  facta, 
resulting  firom  the  fact  that  electricity  easily  flows  into  the 
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earth  becauee  the  air  is  damp,  or  if  it  is  the  Dormal  and 
usual  state. 

BUBCTRIOITT  DURING  RAIN.  — When  rain  or 
snow  falls  from  the  upper  regions  of  the  atmosphere,  there 
is,  at  the  same  time,  a  production  of  a  quantity  of  electricity, 
more  or  less  strong :  it  is  only  during  mild  and  continued 
rains  that  we  observe  no  traces  of  it:  in  this  case  the  eleo* 
tricity  is  sometimes  positive,  sometimes  negative.  Accord- 
ing to  8ebnbler'«  oDservations,  there  are,  in  south  Grer- 
many,  100  positive  for  155  negative  rains:  according  to  those 
of  Hemmer,  at  Mannheim,  100  positive  for  108  negative:  in 
the  two  series  the  latter  are  the  more  common.  The  direction 
of  the  wind  is  not  without  influence  over  these  differences. 
If  we  designate  by  100  the  number  of  positive  rains  with 
each  wind,*  we  find  the  following  numbers  for  the  number 
of  negative  rains  with  the  same  winds : — 


HTTMBBS  OF  NBOATIVE  BAINS  FOB  BACH  WIHD,  THAT  OF 
POSITIVE  BAmS  BBDCG  EQUAI.  TO  100. 


SCHUBLBB. 

HBMMBB. 

N. 

91 

52 

N.E. 

109 

75 

£. 

166 

95 

S.E. 

175 

95 

S. 

260 

101 

S.W. 

232 

117 

W. 

145 

106 

N.W. 

123 

• 

67 

(Vide  Appendix,^.  38.) 

With  the  north  winds  the  number  of  positive  rains  is, 
therefore,  relatively  greater  than  with  the  south  winds ;  the 
difference  of  the  two  numbers  obtained  by  Bchubler  and 
Henuner  are  due  to  local  circumstances  and  climacteric 
conditions,  which  are  not  the  same.  To  sum  up :  their 
observations  prove  that,  during  the  course  of  one  year, 
most  of  the  rains  are  positive,  whilst  they  are  negative  in 
another.  Thus  the  annual  results  may  be  very  different 
from  the  general  mean. 

What  IS  the  oriffin  of  this  negative  electricity  ?  Behnbler, 
Tnoies,  Volta,  and  others,  explain  the  phenomenon  by  the 
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evaporation  of  drops  of  water :  when  they  traverse  dry  air, 
the^  partially  change  into  vapours,  which  carry  away  the 
positive  electricity,  whilst  the  drop  remains  in  the  negative 
state.  This  hypothesis  is  confirmed  hy  the  fact  of  observa- 
tion, that  in  the  neighbourhood  of  cascades,  where  a  great 
many  drops  are  thrown  into  the  air,  we  always  find  traces 
of  negative  electricity,  more  or  less  marked.  Several  expe- 
riments made  by  Belli  render  this  hypothesis  improbable. 
If  we  insulate  an  artificial  fountain,  sucn  as  Hero's  fountain, 
and  place  it  in  fine  weather  in  an  open  place,  where  the 
atmospheric  electricity  is  strong,  the  drops  will  be  negative 
and  the  vase  positive;  if  the  experiment  be  renewed  m  dry 
weather,  on  points  where  there^  no  ei^  of  atmospheric 
electricity,  there  will  be  no  electricity  either  on  the  vase 
or  the  ^ops,  although  the  evaporation  is  the  same :  it  is 
not  then  to  evaporation,  but  to  induction,  as  Belli  very 
well  remarked,  that  the  electricity  is  due.  When  the  foun- 
tain rises  towards  a  clear  sky  positively  electrised,  it  acts  by 
induction ;  the  fountain  is  positively  electrised  below,  and 
negatively  above :  but,  as  soon  as  the  air  is  without  electri- 
city, the  action  bj  induction  no  longer  exists,  and  there  is 
no  trace  of  electncity.  It  is  the  same  with  a  cascade :  it  is 
negatively  electrised  above,  positively  below ;  the  vitreous 
electricity  flows  into  the  earth,  the  other  remains  united  to 
the  liquid  drops. 

Thus,  then,  although  evaporation  may  develope  nega- 
tive electricity  in  the  drops  which  fall,  the  action  by  induc- 
tion is  much  more  energetic :  clouds  have  often  a  strong 
positive  electricity,  whilst  that  of  the  earth  is  negative,  tf 
there  are  two  strata  of  clouds  in  the  sky,  and  the  rain  falls 
principally  from  the  lower,  both  are  positively  electrised ; 
but  the  electric  state  of  the  lower  is  modified  by  that  of 
the  earth:  it  becomes  positive  in  its  lower  surface,  and 
negative  in  its  upper ;  tne  rain  is  then  positive.  Soon,  not 
only  does  the  lower  face  of  the  cloud  become  neutral,  but 
also  the  earth  ;  thus,  at  the  end  of  a  certain  time,  not  the 
slightest  indication  of  electricity  is  found  until,  when  under 
the  influence  of  the  upper  cloud,  the  lower  one  becomes 
charged  with  a  great  quantity  of  free  negative  electricity. 
The  drops  which  fall  will  then  be  negative  :  but,  if  a  breeze 
condenses  anew  the  vapour  of  water  in  the  cloud,  then  we 
find  once  more  that  the  drops  of  water  are  positively  elec- 
trised. 

Every  time  I  have  been  able  to  follow  this  phenomenon, 
I  was  assured  of  the  action  of  the  upper  cloud  upon  the 
lower.    In  other  cases,  the  cloud  acts  on  the  drops  of  nun 
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tbemselves,  and  changes  their  electric  state.  This  being 
well  understood,  the  influence  of  the  winds  over  the  electric 
state  of  the  ndn  is  easily  deduced. 

From  what  we  have  previously  seen,  the  origin  of  rain 
from  north  and  south  winds  is  very  different.  If,  in  a 
clear  sky,  the  temperature  rises  for  several  days,  the  baro- 
meter begins  to  sink,  a  few  cirri  form  in  the  high  regions, 
at  the  same  time  that  the  south  wind  becomes  predominant ; 
the  cirri  extend,  the  sky  becomes  whitish,  and  positive  elec- 
tricity increases  in  its  lower  strata.  The  barometer  con- 
tinuing to  fall^  cumuU  are  formed  in  the  lower  parts,  and 
the  rain  begins.  At  the  moment  when  thev  are  produced, 
the  cumuLtu  and  the  rain  are  both  positively  electrised. 
Soon  negative  electricity  accumulates  at  the  upper  part  of 
the  cwmulus^  and  the  rain  itself  finishes  by  becoming  nega- 
tive; but  as,  by  the  north  winds,  there  is  often  but  one 
stratum  of  clouds,  this  action  by  induction  no  longer  occurs, 
and  the  rain  is  more  frequently  positive.  In  winter,  the 
snow  falls  j;enerally  from  a  single  stratum ;  it  is  also  almost 
always  positive. 

FORMATION  OF  STORMS. — In  no  phenomenon  is 
electricity  manifested  in  so  evident  a  manner  as  in  this; 
bat  there  is  none  in  which  its  part  is  so  difficult  to  analyse. 
Storm-clouds  are  in  general  at  first  small,  and  rapidly 
become  larger,  in  such  a  manner,  that  they  seem  to  grow 
by  the  precipitation  of  the  vapours  which  surround  them ; 
in  a  short  time  they  cover  the  sky,  which  is  generally  of 
a  very  pale  blue.  In  other  cases,  clouds  are  formed  on 
different  points  of  the  horizon,  which  remain  insulated,  or 
finally  unite ;  their  characteristics  are,  that  the  cirri  of  the 
elevated  parts  of  the  atmosphere  pass  to  the  state  of  thick 
eirrO'Ctimtdus^  and  the  cumuU  form  a  compact  and  uniform 
mass  of  cimubi-siratwi :  which  is  clearly  to  be  seen,  especially 
when  a  storm  is  formed  on  the  horizon.  The  entire  mass 
presents  very  remarkable  oppositions  of  light :  in  certain 
points  it  is  of  a  dark  grey,  and  in  others  it  presents  very 
brilliant  colours,  approacning  to  yellow :  lengthened  strise 
may  be  seen  of  an  asny  grey.  When  the  sun  is  on  the  point 
of  setting)  these  clouds  are  yellowish  towards  the  west ;  this 
colour  cnanges  to  grey  and  blue,  and  it  seems  as  though 
the  landscape  were  observed  through  a  yellow  or  orange- 
coloured  glass. 

The  storm  is  frequently  formed  several  hours  before  it 
bursts  forth.  In  the  morning  the  sky  is  completely  pure, 
towards  noon  we  remark  some  isolated  cirrit  which  give  a 
whitish  aspect  to  the  sky ;  the  sun  is  pale  and  dim ;  there 
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are  parhelia  or  coroiue  around  the  san.  Later,  the  cumuli 
appear,  and,  in  spreading,  thej  are  confounded  with  the 
upper  stratum.  A  short  time  before  the  storm  bursts  forth 
we  see  a  third  stratum,  which  is  particularly  remarked  in 
mountainous  countries.  However,  I  have  also  observed 
it  in  the  plains  of  Germany,  although  not  so  well  as  on  the 
Alps.* 

The  formation  of  storms  is  preceded  by  a  slow  and  con- 
tinued fall  of  the  barometer,  as  must  be  the  case  when  cirri 
occupy  the  sky.  The  calnmess  of  the  air  and  a  suffocating 
heat,  which  are  due  to  the  want  of  evaporation  on  the  sur- 
face of  our  bodies,  are  circumstances  quite  characteristic 
This  heat  does  not  proportionately  affect  the  thermometer ; 
it  is  peculiar  to  the  lower  strata  of  the  air,  for  it  decreases 
rapidly  with  the  height.  Thus  corresponding  observations 
at  Munich,  and  on  some  mountains  in  Bavaria,  shew  that,  in 
the  afternoon  of  stormy  days,  the  decrease  was  1°  for  seventy- 
eight  metres,  that  is  to  say,  twice  as  rapid  as  it  is  at  a  mean. 
Tne  observations  at  St.  Gothard,  compared  with  those  in 
neighbouring  towns,  prove  the  same  tning;  the  anomalies 
of  terrestrifll  refraction,  which  we  then  observe,  tend  to 
the  same  result.  In  the  morning,  the  decrease  of  temper- 
ature being  generally  very  slow,  there  necessarily  results 
from  it  in  the  afternoon  a  very  intense  ascending  current, 
which  carries  off  the  vapours  toward  the  upper  regions  of  the 
atmosphere,  where  they  rapidly  condense. 

ON  lilGHTNlNG. — When  the  instantaneous  precipi-* 
tation  of  the  vapour  of  water  disengages  a  certain  quantity  of 
electricity,  then  there  is  a  spark,  as  we  see  it  in  our  nrivate 
experiments ;  this  spark  goes  from  one  cloud  to  the  other,  or 
from  a  cloud  to  the  earth.  We  may  distinguish  from  a  dis- 
tance these  two  kinds  of  lightnings.  If  the  lightning  joins 
two  clouds,  whose  height  is  not  equal,  then  the  sky  is  irre- 
gularly illumined.  We  remark  a  point  where  the  light  is 
more  mtense,  but  it  is  not  clearly  defined :  on  quitting  this 
centre,  the  light  continues  to  diminish  in  intensity.  If  the 
lightning  goes  from  a  cloud  to  the  earth,  then  we  observe  a 
narrow  train  of  dazzling  light,  very  limited  and  surrounded 
by  a  less  intense  light.    We  observe  this  same  band  when 

*  In  hifl  notiee  on  thnnder  {Anmmairt  du  Bureau  da  Lomgilmde$  tor  1S9S), 
M.  Abaoo  hu  shewn  that  storma  may  be  engendered  by  a  certain  numbwr 
of  agglomerated  or  niperposed  clouda ;  but  he  also  quotes  seyeral  ezamplea, 
Imrrowed  from  MAmcomsLLS,  DirHAif bl  t>v  Mohcxau,  and  M.  HoosAmiH  in 
which  the  lightning  flash  is  produced  from  a  rery  small  insulated  cloud. 
These  facts  are  contrary  to  the  opinion  of  FaAinu.iN,  db  Baubsueb,  and 
Bbcoaeia,  who  do  not  admit  that  a  solitary  cloud  can  be  stormy.  This  sub- 
ject, therefbre,  claims  the  altientlfln  of  obserreri. 
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it  joins  two  clouds  which  are  equal  in  height,  and  which  the 
lower  clouds  do  not  hide  from  our  sight ;  in  this  latter  case 
we  only  ohserve  one  light,  as  in  the  former :  shall  I  add, 
that  these  lightnings  are  identical,  but  that  the  immediate 
yiew  of  the  former  is  hidden  from  us  by  the  clouds  which 
pass  before  them  P 

If  lightning  were  immovable,  it  would  appear  to  us 
under  the  form  of  a  globe  of  fire ;  strong  lightnings  often 
terminate  thus  at  their  anterior  extremi^.  Lightning 
affects  the  form  of  a  zigzag,  like  the  spark  of  our  machines ; 
perhaps  it  has  really  tne  form  of  a  helix,  whose  projection 
seems  a  broken  line.  The  unequal  oonductibility  of  the 
air  explains  this  course  of  lightning,  and  also  its  bifurcations. 
During  violent  storms  the  principal  lightning  emits  lateral 
branches,  or  appears  ramified  at  its  origin.  In  a  veij  strong 
storm  which  took  place  at  Halle  in  June  1834,  the  lightning 
had  the  appearance  of  a  vertebral  colunm,  with  the  nbs  that 
it  supports. 

In  general,  the  colour  of  lightning  is  a  dazzling  white ; 
I  have,  however,  often  seen  it  verge  towards  violet.  In 
1834,  several  inhabitants  of  Halle  made  the  same  remark; 
the  lightning  was  very  high,  and  consequently  took  place  in 
a  rarined  air.  Now,  we  know,  that  if  we  make  a  spark  pass 
through  the  receiver  of  an  air-pump,  its  light  is  bluer  in  pro- 
portion as  the  vacuum  is  complete. 

It  is  generally  admitted,  that  lightning  moves  from  above 
downwards ;  however,  numerous  examples  exist  of  its  having 
followed  an  opposite  direction.  The  spark  probably  leaves 
both  bodies  at  once,  as  we  see  it  when  we  bring  a  ball  near 
to  the  conductors  of  an  electric  machine.  I  have  remarked 
several  times,  in  two  clouds  of  the  same  heieht,  that  two 
flashes  of  lightning  have  left  each  of  them,  ana  united  in  the 
middle  of  tne  intervtd  which  separated  them.* 

•  M.  Amaoo  (Atmmaire  far  1888)  dlftlngniahef  three  kinds  of  light- 
nings:— 

1st.  Z^pu^  UgkHUngt  which  usnally  describe  sigzags  in  space ;  sometimes 
they  biftu-cate  or  triftiraete  at  their  extremltT.  Some  facts  would  even  lead 
tts  to  think  that  their  division  went  still  ftuiAer.  Thus,  the  8d  June  1765, 
the  thunder  penetrOed,  at  the  same  instant,  by  fbur  different  points  and 
distant  tram  each  other,  Pembroke  College  at  Oxford ;  and  in  April  1718, 
twenty-four  churches  were  struck  with  lightning  in  the  nelghboiurhood  of 
St.  PoI-de-L^on,  lUthough  only  three  claps  of  thunder  were  heard. 

9d.  Sheet  UgJUmingt,  which  present  uemselTes  under  the  form  of  lights 
that  illumine  the  outlines  of  the  clouds;  these  are  the  more  common  and 
more  fbequent  in  a  storm. 

Sd.  BaaiigkhUngtt  or  gbtbet  qfjire.  These  moTe  slowly  from  the  clouds 
to  the  earth,  and  are  riuble  for  several  seconds.  M.  Asaoo  cites  a  groat 
many  examples  of  them.M 

M.  Abaoo  then  demonstrates,  that  the  Ugfatninn  of  the  first  and  second 
do  not  last  for  the  millionth  part  of  a  second. 

.  u  rue  Note  o,  Appendiz,  No.  n. 
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THUNDBR. — Sooner  or  later  afler  the  lightning  we 
hear  the  thunder ;  this  noise  results  from  the  displacement 
of  the  air  hy  the  spark  and  irruption  of  the  surrounding 
air,  which  fills  up  tne  vacuum  formed,  as  it  happens  when 
we  open  a  case  that  closes  well.  Thunder  follows  light- 
ning, because  sound,  by  travelling  333  metres  a  second,  does 
not  reach  our  ear  so  quickly  as  the  luminous  sensation. 

The  noise  of  thunder  is  not  the  same,  according  as  we 
are  more  or  less  distant  from  the  lightning;  thus,  when 
thunder  falls  on  the  surface  of  the  earth,  those  who  are 
near  hear  a  dry  noise  of  varying  power,  which  ceases  imme* 
diately.  Observers  placed  at  a  greater  distance  hear  a  series 
of  noises,  which  rapidly  succeed  each  other;  these  last 
differ  completely  from  the  rollings  of  the  thunder,  especially 
when  the  explosions  take  place  between  clouds.  The  rolling 
continues  for  several  seconds,  even  a  minute,  and  does  not 
diminish  in  force;  on  the  contrary,  it  seems  to  gather 
force  from  time  to  time,  and  appears  intermixed  vnth  more 
violent  claps,  like  the  noise  produced  by  a  mass  of  something 
falling  down  stairs.  The  weak  noise  at  the  commencement 
increases  successively,  and  does  not  attain  its  greatest  force 
till  a  certain  time.  It  is  difficult  to  explain  the  rolling  of 
thunder ;  we  can  only  compare  it  to  the  sound  produced  by 
a  rope  put  in  motion.  Ancient  philosophers  only  saw  in  it 
a  repercussion  of  sound  by  the  earth,  an  hypothesis  which 
seemed  so  much  the  more  probable  as  the  rolling  is  much 
stronger  in  mountainous  countries  than  in  plains :  however, 
as  we  hear  it  also  on  the  open  sea,  it  was  thought  that  the 
clouds  reverberated  the  sound.  Deiuc  objected,  first,  that 
it  was  improbable  that  clouds,  that  is  to  say  fogs,  whose 
limits  are  scarcely  defined,  can  reflect  sound.  However,  I 
do  not  regard  this  reflexion  as  quite  impossible,  although  I 
explain  tne  rolling  in  another  manner.  On  comparing 
analogous  optical  phenomena,  we  shall  find  that  there  is 
reflexion  as  soon  as  the  properties  of  refraction  and  dispersion 
of  light  are  on  the  point  of  changing.  Some  facts  observed 
by  the  academicians  of  Paris  during  their  experiments  on 
the  velocity  of  sound  seem  favourable  to  this  hypothesis* 
In  fact,  when  there  were  clouds  between  the  two  stations, 
Montmartre  and  Montlhery,  then  the  report  of  a  cannon 
imitated  to  a  certain  degree  the  rolling  of  thunder,  which 
never  took  place  when  the  sky  was  clear. 

The  nature  of  lightning  plays,  according  to  Brandes, 
Helvlr,  and  RaschUr,  an  important  part ;  for  it  is  light- 
nings that  are  directed  upwards  or  laterally,  which  are 
accompanied  by  a  rolling,  whilst  the  lightning  that  strikes 
an  object  is  accompanied  by  a  dry  and  short  noise.    If  we 
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admit  that  lightning  is  composed  of  a  series  of  small  ex- 
plosions, as  the  optical  expenments  of  M.  Dove  prove,  each 
of  these  explosions  must  produce  a  noise.  In  a  iSash  of 
lightning  which  falls,  the  noise  caused  hy  the  first  explosion 
reaches  the  ear  of  the  observer  at  the  same  time  as  the 
last ;  but,  in  a  horizontal  flash  of  lightning,  the  noises  pro- 
duced at  a  greater  distance  arrive  later,  than  the  others,  and 
a  flash  of  lightning  which  lasts  a  second,  but  which  extends 
over  a  length  of  perhap  2000  metres  in  a  straight  line,  will 
produce  a  noise  tnat  will  last  seven  seconds. 

The  zigzag  form  of  lightning,  on  which  HelTifr  has 
insisted,  is  not  of  the  least  importance.  He  has  distinctly 
seen  a  flash  of  lightning  arrive  on  the  earth  in  four  leaps, 
and  he  has  heard  four  noises  of  different  intensity.  Evi- 
dently the  noises  must  have  reached  the  ear  at  different 
intervals ;  and  as  it  is  at  angles  that  the  noise  is  the  strongest, 
on  account  of  the  compression  of  the  air,  he  thence  deduced 
the  unequal  intensity  of  the  sound. 

As  m  all  complicated  phenomena,  there  are  here  two 
acting  causes — echo,  and  the  unequal  distance  of  the  ex- 
plosions ;  but  to  explain  their  unequal  intensity,  and  the 
intervals  of  silence,  followed  by  a  reinforcement  of  sound, 
we  are  obliged  to  admit  the  interference  of  the  sonorous 
vibrations.  Sound  moving  from  the  point  where  it  is  pro- 
duced in  every  direction,  spherical  waves  are  the  result; 
which  are  sucn,  that  if,  in  a  given  moment,  the  air  of  a 
series  of  these  spheres  is  of  a  very  feeble  density,  whilst  the 
spheres  which  separate  them  have  a  very  strong  density, 
the  result  is,  that  in  the  following  moment  these  series 
change  functions.  Let  us  suppose  that,  at  a  certain  distance, 
a  second  undulatory  system,  of  the  same  force  and  height,  is 
engendered,  these  both  cross  without  contracting  their 
mutual  extension;  but,  on  certain  determined  points  in 
each  system,  there  is  a  great  diflerence  in  the  intensity 
of  the  sound.  For,  in  the  points  where  the  two  systems 
render  the  air  alternately  more  or  less  dense,  the  movement 
is  more  rapid,  and  the  sound  more  intense  than  if  there  had 
only  been  one  sonorous  wave.  In  other  points  these  two 
systems  meet  and  tend,  the  one  to  condense,  the  other,  to 
rarify  the  air;  they  act,  therefore,  in  opposite  directions. 
If  their  actions  are  equal,  their  effects  destroy  each  other  j 
if  they  are  unequal,  nothing  remains  but  the  excess  of  the 
stronger  over  the  weaker.  We  shall,  then,  find  a  series  of 
points  where  the  sound  will  be  stronger  or  weaker,  according 
to  circumstances,  as  if  these  had  but  one  original  soun£ 
We  may  figure  to  ourselves  these  effects  in  the  following 
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manner :  draw  on  a  plane  two  83r8tems  of  concentric  circles, 
whofle  diameter  regularly  increases  by  the  same  quantity — 
of  a  millimetre,  for  instance — the  Ist,  dd,  the  5th,  &c.,  of 
these  circles  will  be  designated  by  dotted  lines ;  the  2d,  the 
4th,  &c.,  by  continued  lines ;  the  latter  designate  the  series 
of  points  where  the  air  is  more  dense,  the  former  the  points 
where  the  air  is  rariiied.  If,  at  a  certain  distance,  we  trace 
circles  around  a  second  centre  at  a  little  distance,  the  sound 
will  be  reinforced  at  the  points  where  the  lines  of  the  same 
kind  meet,  and  weakened  at  those  where  the  dotted  lines 
cut  the  continued  ones.  If  we  join  by  lines  the  different 
points  of  the  intersection  of  the  circles,  we  shall  see  that  the 

Joints  of  intense  sounds,  and  those  of  weak  ones,  occupy 
eterminate  places.  We  may  figure  to  ourselves  the  two 
centres  of  these  systems  of  undulations,  as  placed  at  the 
extremity  of  the  two  branches  of  a  tuning-fork ;  if  we  put 
them  in  motion,  and  make  the  tuning-rork  turn  at  the 
same  time  round  its  axis,  we  shall  hear  a  veiy  regular 
increase  and  diminution  of  sound. 

It  is  probable  that  these  interferences  play  a  part  in 
this  phenomenon ;  as,  in  the  other  sounds,  the  undulatory 
motion  continues  even  a  certain  time  after  the  cause  has 
ceased  to  act,  every  point  that  the  lightning  strikes  be- 
comes the  centre  of  an  undulatory  system.  However  we 
will  admit,  for  greater  simplicity,  that  the  ftogles  onl^  of  a 
zigzag  are  the  centres  or  such  systems.  The  noise  of 
thunder  arrives  from  the  nearest  angle  to  the  zigzag,  then 
from  a  second  point.  If  the  waves  meet,  the  sound  will  be 
reinforced :  if  that  does  not  happen,  it  will  be  weakened  or 
null,  and  ¥rill  recommence  with  a  new  intensity  when  the 
corresponding  waves  of  one  or  several  systems  of  uudula* 
tions  meet. 

I  cannot  explain  all  these  circumstances  in  any  other 
way ;  for,  if  we  take  for  the  point  of  departure  the  distance 
of  the  source  of  sound,  the  thunder  would  have  its  greatest 
intensity  at  the  beginning,  since  it  is  the  nearest  sound 
which  reaches  us  lirst.  If  we  suppose  that  the  isolated 
noises  are  reinforced  by  adding  themselves  together,  then 
the  noise  of  the  thunder  would  be  weak  at  the  commence- 
ment, would  then  become  stronger  and  stronger,  and  attain 
a  maximuniy  and  then  diminish,  ft  is  only  in  the  most  favour- 
able circumstances,  and  consequently  very  rarely,  that  we 
should  hear  the  rolling.  We  also  see  why  tne  rolling  is  much 
more  marked  during  distant  storms  than  in  those  which 
break  forth  in  the  vicinity  of  the  observer.  In  fact,  these 
interferences  take  place  especially  when  the  waves  are  com- 


£mCT8  OF  THE  UOBTHIKG-FLASH.  851 

prehended  in  an  acute  angle;  which  happenB  more  fre- 
quently with  distant  lightning  than  when  it  is  near.  It  is 
prohahle,  that  of  two  distant  observers  each  hears  his  own 
thunder,  in  that  the  one  hears  it  with  much  more  force 
at  the  same  moment  that  the  other  hears  nothing,  and  vice 
versa.  If  observation  should  succeed  in  establishing  this  as 
a  fact,  it  would  be  a  proof  of  what  we  have  just  said.*^ 

BFFECTS    OF   THB    UOHTNINa   FIiASH.— When 

lightning  falls  on  the  surface  of  the  earth,  it  follows,  like 
every  entire  electric  spark,  the  best  conductors :  it  also  at- 
taches itself  principally  to  metals.  However,  it  may  happen 
that  it  leaves  metal  lor  a  body  that  is  not  so  good  a  con- 
ductor, when  the  latter  conducts  it  more  directly  to  the 
earth.  After  metals,  damp  substances  are  followed  by  it  in 
preference :  this  is  why  men  and  animals  are  often  struck 
by  lightning  and  killea,  or  only  stunned.  In  the  first  case, 
death  appears  caused  by  a  shock  on  the  nervous  system ; 
for  dead  persons  retain  the  very  same  position  which  they 
occupied  before  they  were  struck  by  lightning.  These  cases 
are  not  very  common.  At  Gottingen,  in  uie  space  of  a 
century,  three  persons  only  have  been  killed  by  lightning; 
and  at  Halle,  only  two.f     Thus,  the  fear  of  thunder  is 

*  Whtt  is  the  duration  of  the  rolling  of  thunder  obeerred  in  An  open 
ooontrr,  and  correnpondinff  to  a  dngle  flash  of  li^tning  ?  Such  is  the  ques- 
tion asked  by  M.  Aeago,  m  the  remarlcable  notice  we  luiTe  already  cited. 
The  obserrations  made  by  ns  L*isuc,  at  Paris,  glre  fh>m  thirty-flve  to  forty- 
fire  seconds  for  the  duration  of  the  longest  rollings  he  has  observed. 

The  Interval  which  elapses  between  the  lightning  and  thunder  varies 
generally  from  three  to  sixteen  seconds,  but  it  msy  be  ttfty  and  even  seventy- 
two  seconds.  The  space  of  ttme  which  separates  the  lightning  from  the 
claps  of  thunder,  or  from  their  tncutimum  noise,  oscUlates  between  twelve  and 
twenty-six  seconds,  according  to  the  obflervatlons  made  by  d£  l'Isls  in  1712. 
RoBKaT  Hooks  (PoUkumout  Workt,  p.  4S4)  is  the  first,  according  to  M. 
Aaaoo,  who  has  well  explained  the  rolling  of  thunder.  '*  Lightnings,**  ssys 
be,  **  only  occupy  a  point  in  space,  and  give  place  to  a  short  and  instantaneous 
noise.  Multiple  lightnings,  on  the  contrary,  are  accompanied  by  a  roUins ; 
because  the  different  parts  of  long  lines  which  the  lightnings  occupy  are  In 
general  found  at  different  distances,  the  sounds  which  are  there  engendered, 
either  successively  or  at  the  same  physical  instant,  must  employ  times  gradu- 
ally unequal  in  order  to  reach  the  ear  of  the  observer." 

t  The  researches  ot  M.  Abaoo  do  not  confirm  M.  KAsmt's  opinion  as  to 
the  trifling  number  of  persons  struck  by  lightning.  Doubtless,  if  we  exa- 
mine but  one  locality  or  town,  the  number  of  victims  is  very  limited,  but 
It  is  not  thus  when  we  consider  a  whole  country.  Thus,  in  1819,  we  have  a 
knowledge  of  twenty  persons  being  killed  in  France  by  lit^tning.  In  the 
United  States,  according  to  Volmst,  there  were,  in  1797,  from  the  month  of 
June  to  the  SSth  of  August,  twenty-four  persons  struck,  of  whom  seventeen 
were  killed. 

The  danger  Increases,  as  we  well  know,  for  men  placed  on  verv  high 
points.  The  fbllowlng  is  a  sad  example;— M.  Buchwaldbe,  a  Swiss  en- 
gineer, had  established  a  geodeslcal  signal  on  the  top  of  the  Sentls,  in  the 
canton  of  AppenxelL  This  summit  is  8504  metres  above  the  level  of  the 
-tea.  *'  The  4th  July,  1833,"  said  he, "  it  rained  abundantly  towards  evenins, 
•od  the  cold  and  wind  became  such  that  they  prevented  my  sleeping  all 
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by  no  means  excusable;  and  it  can  be  only  due  to  the 
prejudices  inculcated  in  children  by  ignorant  parents,  who 

night.  At  four  o'clock  In  the  morning  the  mountain  was  oorered  with 
douda,  and  lome  pawed  over  oar  heads ;  the  wind  was  Ten  yiolent.  How- 
erer,  larger  clouds  coming  from  the  west,  approached  and  slowly  condensed. 
At  six  o'clock  the  rain  began  again,  and  the  thunder  resounded  in  the  dis- 
tance. Soon  the  most  Impetuous  wind  announced  a  tempest.  Hail  fell  in 
such  abundance  that,  in  a  few  moments,  it  covered  the  Sentis  with  a  frosen 
stratum,  which  was  four  centimetres  in  thickneta.  After  these  prelimi- 
naries the  storm  appeared  calmer;  but  it  was  a  silence,  a  repose,  during 
which  Nature  was  preparing  a  terrible  crisis.  In  short,  at  a  quarter  past 
eight  o'clock,  the  thunder  growled  again ;  and  its  noise,  approadiing  nearer 
and  nearer,  was  heard  without  interruption  till  ten  o'clock.  I  went  out  to 
examine  the  sky,  and  to  measure  the  depth  of  the  snow,  at  a  few  paces  firom 
the  tent. 

**  Scarcely  had  I  taken  this  measure,  when  the  lightning  burst  forth  with 
fhry,  and  obliged  me  to  take  refhge  in  my  tent,  together  with  my  assistant, 
whoJIbrought  some  food  there  to  take  his  repast.  We  both  lay  down  side  by 
side  on  a  plank.  A  thick  cloud,  as  dark  as  night,  then  enveloped  the  Sentis; 
the  rain  and  hail  fell  in  torrents ;  the  wind  blew  with  Airy ;  the  near  and 
confUsed  lightnings  seemed  like  a  conflagration  ;  Che  lightning  broken  into 
flashes  mixed  its  hurried  bolts,  which,  driving  against  each  other  and  against 
the  sides  of  the  mountains,  indettnitely  repeated  in  space,  were  at  once  an 
acute  rending,  a  distant  reverberation,  and  a  deep  and  long  roaring.  I  felt 
that  we  were  in  the  very  centre  of  the  storm  ;  and  the  lightning  shewed  me 
this  scene  in  all  its  beauty  or  in  all  its  horror.  My  asslatant  could  not  free 
himself  from  a  sensation  of  fear,  and  he  asked  me  if  we  were  not  running 
some  danger.  I  removed  his  fears  by  relating  to  him  that,  at  the  time  when 
MM.  BioT  and  Abago  were  making  their  geodesical  experiments  in  Spain,. 
the  lightning  had  fallen  on  their  tent,  but  had  only  passed  over  the  roof 
without  touching  them.  I  was  really  at  esM ;  for,  accustomed  to  the  noise 
of  thunder,  I  still  studied  it  when  it  threatened  me  closely.  These  words* 
however,  brought  to  my  mind  the  idea  of  danger,  and  I  fully  understood  it. 

**  At  this  moment,  a  globe  of  fire  appeared  at  the  feet  of  my  companion, 
and  I  felt  my  right  leg  struck  with  a  violent  commotion,  which  was  an 
electric  shock.  He  uttered  a  doleftil  cry :  *Ah !  my  God  I  *  I  turned  round 
to  hhn.  I  saw  on  his  face  the  effect  of  the  lightning-stroke.  The  left  side 
of  his  face  was  covered  with  brown  or  reddish  spots.  His  hair,  eyebrows, 
and  eyelashes,  were  frizzled  and  burned ;  his  lips  and  nostrils  were  of  a 
brownish  violet:  his  chest  seemed  still  to  heave  at  intervals;  but  soon 
the  sound  of  re«piratlon  ceased.  I  felt  all  the  horrors  of  my  situation ;  but 
I  forgot  my  suffering,  in  order  to  seek  succour  for  a  man  whom  I  saw  dyins . 
I  called  him,  but  he  did  not  reply.  His  right  eye  was  open  and  bright ;  It 
seemed  to  me  as  though  a  ray  of  intelligence  beamed  flxmi  it,  and  I  hoped: 
but  the  left  eye  remained  closed ;  and,  on  raisins  the  eyelid,  I  saw  that  tt 
was  dull.  I  supposed,  however,  that  there  was  still  sight  remaining  on  the 
right  side,  for  I  endeavoured  to  close  the  eye  on  that  side ;  an  attempt  which 
I  repeated  three  times.  It  opened  again  of  itself,  and  seemed  animated.  I 
pat  my  hand  on  his  heart;  it  no  longer  beat.  I  pricked  his  limbs,  body, 
and  lips  with  a  compass ;  all  was  immovable :  it  was  death,  and  I  could  not 
believe  it.  Bodily  pain  at  last  drew  me  from  this  palnfbl  oontemplation. 
Mj  left  leg  was  paralysed ;  and  I  felt  a  shuddering,  an  extraordinary  move- 
ment. I  felt,  besides,  a  general  trembling,  und  oppression  and  disordered 
beatings  of  the  heart.  The  most  sinister  reflections  took  possession  of  nw. 
Was  I  going  to  perish  like  my  unfortunate  companion?  I  thought  so 
from  my  suffering;  however,  reason  told  me  that  the  danger  was  passed.  I 
gained  with  the  greatest  difllcnity  the  village  of  A  It  St.  Johann.  The  instra- 
ments  had  been  struck  In  like  manner."— (JErgrAiMwe  deririgonometritdtem 
Vermetntngen  in  der  Schweix,  p.  11.) 

In  the  CompUt  rendu*  de  rAeadfmie  de*  Sciencet,  U  vlli.  p.  174,  we  And 
an  example  of  four  sailors  being  struck  by  lightning  on  the  top  of  the  niai»> 
of  an  EngHah  ship  of  the  line,  the  Rodney.—  M. 
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teach  them  to  see  in  thunder  a  sign  of  the  anger  of  Heaven, 
whose  thunderbolts  strike  the  wicked  and  the  impious. 
Xmcretinji  long  ago  refuted  these  absurd  prejudices,  when 
he  says,  book  vi.  ver.  416,  while  speaking  of  the  chief  of  the 
gods: — 

'*  Postremo,  cor  uncta  De(ini  dehibra,  suasque 
Diflcutlt  infesto  pneclaras  flilmine  sedes, 
Et  bene  facta  Deilm  frangit  simulacra  ?  Sulsque 
Demit  imaginibns  violento  vulnere  honorem  ? 
Altaque  cur  plerumque  petit  loca,  plurimaque  hujus 
MontibuB  in  summis  vestigia  cemimus  ignis  ?  ** 

If  lightning,  in  its  course,  meets  with  bodies  that  are  bad 
conductors,  it  pierces  and  breaks  them,  and  scatters  them 
about  with  irresistible  force:  thus,  on  the  6th  of  August, 
1809,  the  lightning  displaced  a  wall  near  Manchester, 
0'',9  thick,  and  S°*fi  high,  placed  between  a  cellar  and  a 
cistern.  The  displaced  part  was  removed  from  its  primitive 
position  1°',2  on  one  side,  and  1%8  on  the  other;  and  its 
weight  amounted  to  19240  kilogrammes.  To  estimate  the 
whole  force  employed,  we  must  take  into  the  account  the 
cohesion  of  the  parts,  which  would  lead  to  a  very  much 
higher  number.  A  great  number  of  analogous  examples 
have  been  observed. 

When  lightning  falls  on  combustible  bodies,  it  inflames 
them,  carbonises  their  surface,  or  reduces  them  to  splinters ; 
perhaps,  in  the  latter  case,  the  explosion  is  so  violent  that  it 
extinguishes  the  fire  at  the  same  instant,  as  a  powerful 
electric  spark  disperses  gunpowder,  while  a  more  feeble 
spark  ignites  it.  iN  eed  I  £[ld  that  a  fire  caused  by  lightning 
is  extinguished  as  easily  as  any  other  ? 

IiIOHTNINa  CONDUCTORS.— Scarcely  was  FranUln 
convinced  of  the  electric  nature  of  lightning,  than  he  pointed 
out  the  means  of  averting  it  from  edifices :  this  is  the  object 
of  lightning  conductors,  which  present  to  the  lightning  a 
more  easy  route  than  is  presented  by  stone  or  wood.  Thus, 
an  iron  bar  is  placed  at  the  top,  connected  with  a  conductor 
of  twisted  iron- wire,  which  is  plunged  into  a  moist  soil ; 
experience  proves  that,  under  these  circumstances,  the  light- 
ning follows  this  route  without  damaging  the  edifice.  I 
shall  not  enter  into  more  lengthened  details  on  this  subject ; 
they  will  be  found  in  the  instructions  published  by  MM. 
Gay-Imsaac  and  Arago. 

Experience  having  shewn  that  the  lightning  was  then 
without  effect,  it  was  thought  that  storms  might  be  dissi- 
pated if  a  suflicient  number  of  paratonnerres  were  raised,  so 
as  to  neutralise  the  electricity  of  the  atmosphere.  But  even 
though  it  should  be  certain,  which  is  not  the  case,  that 
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stonns  are  engendered  by  electricity,  I  yet  doubt  whether 
thousands  of  paratonnerres  would  nave  any  influence  over 
storm-clouds.  Thus,  at  Zurich  and  its  vicinity,  the  houses 
are  studded  with  paratonnerres,  and  I  am  not  aware  that 
storms  are  less  frequent  there  than  in  any  other  country. 

ODOX7R  OF  UGHTNING.— Near  the  spot  where  light- 
ning has  fallen,  an  odour  is  perceived  analogous  to  that 
perceived  in  the  neighbourhood  of  our  electrical  machines. 
It  has  always  been  said  that  this  is  a  sulphurous  odour;  but 
we  must  not  forget  that  the  mass  of  mankind  designate  by 
this  term  ever^r  disagreeable  odour  which  is  not  related  to 
any  of  those  with  wnich  they  are  acquainted.  Few  philo- 
sophers have  thrown  an^  light  on  this  subject  :^^  d'AU- 
bard  and  Taylor  maintain  that  they  have  recognised  an 
odour  decidedly  sulphurous;  Romas,  in  his  experiments 
with  the  electric  kite,  says  that  the  odour  of  the  sparks  was 
the  same  as  that  drawn  from  the  electrical  machme.  Fn- 
■inieri's  opinion,  that  the  lightning  comes  with  its  finely 
divided  particles  of  iron  and  sulphur,  remains  to  be  verified ; 
for,  if  more  iron  and  sulphur  have  been  found  in  the  part  of 
a  tree  struck  by  lightning  than  in  the  rest,  this  may  happen 
from  the  tree's  having  been  partly  burned  and  volatilised ; 
the  sulphur  and  iron  that  enter  into  the  composition  of 
almost  all  organised  bodies  have  remained  accumulated  in  a 
more  notable  quantity  in  the  woody  parts  that  have  remained 
untouched. 

FUlaMINARY  TUBB8.— When  lightning  falls  upon 
sand,  its  course  is  often  marked  by  tubei,  called  fulminaiy 
tubes,  or  fulptriten.  Although  they  have  long  been  noticed, 
it  is  only  since  Henxen  observed  them  in  tne  sandy  hil- 
locks of  Holstein  that  they  have  been  attentively  studied. 
Blumenbach  was  the  first  to  attribute  them  to  fightning ; 
Fiedler  carefully  studied  their  nature  and  their  mode  of 
formation.  They  are  generally  composed  of  tubes  of  very 
different  lengths  and  diameters,  which  contract  toward 
their  lower  extremity,  and  terminate  in  a  point ;  they  are 
generally  sinuous,  and  more  or  less  ramified.  Vitrified 
within,  their  exterior  is  covered  with  agglutinated  grains  of 
sand ;  the  vitrified  parts  of  which  are  of  a  reddish,  or  even 
greenish  pearl  grey.  Their  diameter  is  from  1  to  90*"; 
the  thickness  of  the  sides,  0"",5  to  24"".  Their  length 
sometimes  exceeds  6>",  and  the  ramifications  are  from  2  to 
30  centimetres  long.  All  fulminary  tubes  with  thick  sides 
have,  according  to  Fiedler,  rough  surfaces,  and  are  divided 
into  fragments  of  from  5  to  lOOm"  long.    The  tubes,  whose 

M  Fid€  Note  f.  Appendix,  No.  II. 
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Bides  are  thin  throughout  their  length,  have  a  smooth  but- 
&ce,  and  are  regularly  cylindrical ;  they  present  no  trans- 
verse fractures.  All  the  fulgurites  hitherto  examined  are 
directed  towards  reservoirs  of  water,  or  bodies  which  are 
good  conductors  of  electricity. 

Direct  observations  have  shewn  that  these  fulgurites 
were  due  to  the  action  of  lightning.  Thus,  Pfiaff  received 
a  tube  from  the  island  of  Amrum.  Some  sailors  saw  the 
lightning  fall  upon  the  sand ;  they  dug  and  found  a  tube 
6»"  in  diameter,  blackened  within  by  the  carbon  of  the 
burned  vegetables,  R.  Braades,  Ha^en,  Rlppentrop,  and 
l^tl&erfnc,  have  related  analogous  examples ;  MM.  Ben^ 
daat,  Hachette,  and  Savart,  obtained  artificial  fulminary 
tubes  by  making  powerful  electric  sparks  pass  into  sand 
mixed  with  salt,  m  order  to  increase  its  fusibility. 

Finally,  vitrified  particles  have  been  found  on  the  sur- 
fifcce  of  rocks,  which  are  an  effect  of  lightning.  De  Saoaaiire 
saw  on  Mont'Blanc*  rocks  of  schistose  amphibole,  covered 
with  vitreous  globules,  analogous  to  those  seen  on  tiles 
struck  with  lightning,  or  on  pieces  of  hornblende,  that  are 
dispersed  by  means  of  a  powerful  electric  spark.  Ramond 
made  the  same  remarks  on  the  micaceous  schist  at  the 
summit  of  the  Midi,  and  on  the  KUnestein-porphyr  of  the 
Bock-Sanadoire,  in  the  department  of  Puy-de-Dome ;  M. 
da  Humboldt  saw  the  same  traces  on  the  trachite  porphyry  of 
the  Nevado  de  Toluca  in  Mexico,  at  the  height  of  4622  metres. 
MM.  Bncklaad  and  Oreenoi&irb  found  a  fulminary  tube 
near  Drigg,  in  the  county  of  Cumberland,  adhering  to  a 
pebble  ofporphyry  that  the  lightning  had  melted,  and  near 
which  were  two  very  thin  plates  of  glass,  of  an  olive 
colour. 

STORMS  WITHIN  THB  TROPICS.— Before  [Mssing 
to  the  other  effects  of  lightning,  it  is  fit  to  say  something  on 
the  geographical  distribution  of  storms,  and  then*  freouencv 
in  afferent  seasons.f  Nowhere  are  they  exhibitea  with 
such  violence  as  within  the  tropics  during  the  wet  season, 
and  at  the  change  of  the  monsoons.  In  the  morning  the 
sky  is  serene,  but  toward  noon  it  is  covered  with  clouds ; 

•  Voya^  dans  let  Alpes,  9  1994. 

t  H.  AmAOo  hM  treated  this  qiaestioa  grMtl/  in  detail  in  the  Ammairt 
tor  Ittas.  Not  being  able  to  give  in  this  place  all  hia  numeric  tablea,  I  wlU 
content  myself  with  pointing  out  the  places  for  which  they  have  been  drawn 
ttp.  These  are:— Calcutta,  Patna,  Rio- Janeiro,  Maryland,  Biartlnique, 
Abyssinia,  Guadeloupe,  Vlviers,  Quebec,  Buenos- Ayres,  Demainvillera, 
Bmyma,  Berlin,  Padua,  Strasburg,  Maestricht,  La  Cbapelle  near  Dieppe, 
Toulouse,  Utrecht,  Tubingue,  Paris,  Leyden,  Athens,  Polpero,  St.  Petm- 
btixg,  Ltmdon,  Pekia,  Cairo.— M. 
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and  the  electricity  is  more  violent  in  the  low  than  in  the 
more  northerly  latitudes;  the  lightnings  succeed  each  other 
without  interruption,  and  the  rollings  of  thunder  are  much 
more  powerful  than  with  us.  According  to  travellers,  we, 
in  our  climates,  can  form  no  notion  of  the  violence  of  these 
storms;  in  the  region  of  calms  there  is  a  storm  almost 
every  day,  so  that  we  might  call  it  the  r^on  of  eternal 
storms. 

When  they  are  accompanied  hy  a  very  high  wind,  they 
are  known  hy  the  name  of  tornados  or  trovados;  in  the 
Antilles  and  m  India  tliey  are  called  hurricanes^  and  in  the 
Chinese  Sea  they  are  designated  typhons.  But  these  wmds 
present  such  peculiarities,  that  we  should  he  very  wrong  to 
extend  the  word  hurricane  to  tempests  of  the  mean  and  of 
the  high  latitudes. 

Hurricanes  are  very  frequent  on  the  coast  of  Sierra- 
Leone,  at  the  beginning  and  at  the  end  of  the  rainy  season, 
when  the  monsoons  change.  According  to  vnnterbottom, 
they  present  the  greatest  analogy  to  our  storms,  and  rarely 
last  more  than  twenty  minutes  or  half  an  hour;  this  is 
also  the  testimony  of  Dampier.  But  these  storms  arrive  so 
suddenly,  and  are  attended  by  so  furious  a  wind,  that  ships 
run  the  greatest  danger.  In  1681,  Dampier  observed  a 
hurricane  at  Antigua  (Antilles)  which  lasted  from  eight 
o*clock  in  the  morning  until  four  o^clock  the  next  day. 
Captain  Gadbnry  had  landed  with  his  crew ;  when  he  wished 
to  return  on  board  he  found  the  ship  lying  on  its  side,  and 
the  point  of  the  mast  buried  in  the  sand.  The  hurricane  then 
returned  with  fresh  violence ;  the  waves  rose  to  a  monstrous 
height;  casks  were  found  a  quarter  of  a  league  inland: 
one  ship  was  hurled  into  a  forest,  and  another  on  a  rock, 
three  metres  above  the  highest  tides. — In  a  hurricane  that 
raged  in  the  end  of  October,  1831,  over  Balasore,  in  India, 
latitude  21°  32'  N.,  longitude  84°  30'  E.,  ten  thousand  persons 
lost  their  lives.  The  great  route  from  Madras  to  Calcutta 
passes  through  Balasore,  at  a  distance  of  fourteen  kilometres 
on  one  side ;  it  was,  however,  invaded  by  the  sea,  and  every 
thing  that  was  there  was  carried  away.  A  surface  of  twenty- 
four  myriametres  was  covered  with  four  or  ^ye  metres  of 
water.  The  sea  advanced  to  the  doors  of  the  town;  the 
bridge  and  the  wreck  of  a  vessel  were  found  on  the  highway. 
A  hurricane,  of  no  less  violence,  ravaged  Guadaloupe  on 
25th  July,  1825 :  cannons,  twenty-four  pounders,  w^re 
displaced ;  one  wing  of  the  government-house,  constructed 
with  the  greatest  solidity,  was  destroyed,  and  a  fir-plank 
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nine  decimetres  lonff,  two  wide,  and  twenty-two  millimetres 
thick,  was  hurled  through  a  palm-tree,  iour  decimetres  in 
diameter. 

The  approach  of  these  hurricanes  is  sometimes  announced 
by  foreboain^  signs.  On  the  coast  of  Sierra-Leone,  for 
instance,  a  thick  cloud  is  observed  in  the  east,  which,  accord- 
ing to  ^w^lnterbottom'fi  expression,  does  not  appear  greater 
than  the  hand.  At  the  mouth  of  the  Senegal,  a  white 
round  cloud,  according  to  M.  Golberry,  is  seen  to  make  its 

3>pearance  in  the  higher  regions  of  the  atmosphere ;  feeble 
ectrical  lights  rapidly  succeed  each  other,  and  the  distant 
mmblinff  of  thunder  is  heard.  In  the  devoted  place  the 
clouds  micken,  their  bulk  increases,  and  the  thunder  is 
heard  with  louder  crashings;  the  clouds  become  blacker 
and  blacker ;  and,  finally,  all  the  sky  is  covered,  and  the 
earth  seems  enveloped  in  profound  night,  which  contrasts 
with  the  purity  of  the  sky  in  the  west.  Immediately  before 
the  hurricane  breaks  loose,  a  slight  and  almost  insensible 
breeze  blows  from  the  west,  or  the  air  is  even  entirely  calm ; 
nothing  moves;  but  feeble  whirlwinds  occur  here  and  there : 
at  the  same  time,  the  temperature  falls  rapidly. 

Another  circumstance  characterises  these  storms ;  it  is, 
that  they  are  confined  within  very  narrow  limits :  at  the 
distance  of  twenty  kilometres,  or  less,  the  calm  of  the  atmo- 
sphere has  not  been  disturbed  for  a  single  moment.  They 
are  also  attended  by  changes  in  the  direction  of  the  wind, 
and  it  is  not  uncommon  for  it  to  blow  from  all  points  of 
the  horizon  in  the  space  of  a  few  minutes.* 

*  M.  EsPT  haa  given  a  theory  of  the  tempests,  hurricanes,  and  tornados 
of  America,  which  has  heen  favourably  received.  He  first  noticed  the 
extraordinary  fall  of  the  barometer,  wliich  accompanies  these  meteors; 
then,  on  examining  the  direction  of  the  trees  thrown  down  by  the  wind,  and 
the  traces  impressed  on  the  ground,  he  has  concluded  that,  in  these  hurri- 
canes, the  air  rushes  toward  a  central  space,  point,  or  line :  so  that,  if  the 
wind  firom  one  side  blows  in  tlie  east,  it  blows  from  the  west  on  the  other 
aide ;  the  centre  of  the  meteor  shifts  its  place.  He  recognises  as  a  cause  an 
ascending  column  of  air,  the  temperature  of  which  does  not  vary,  bec«ue 
the  precipitation  of  its  moisture  restores  to  it  the  temperature  it  loses  by 
expansion.  This  ascending  column  gives  rise  to  a  wind  on  the  surface  of 
the  earth,  and  above  to  the  formation  of  a  e%tmuku,  which  is  inmiedlately 
resolved  into  hall  or  rain.  iVide  ML.  Babinbt's  report  on  M.  Espt's  works, 
Annalet  de  Ckimie  et  de  PftptiqitCf  2d  series,  1. 1.  p.  372.) 

M.  Dove  has  studied  the  laws  of  hurricanes  in  the  equatorial,  tropical, 
temperate,  and  frigid  lones,  and,  by  collecting  a  large  number  of  observa- 
vations,  has  arriv^  at  conclusions  differing  from  those  which  M.  Espt  has 
formulariMd.  He  regards  hurricanes,  tornados,  typhons,  fcc.  as  whirlwind^ 
whose  direction  and  diameter  vary.  In  these  whirlwinds,  says  he,  the  wind 
does  not  blow  from  the  circumference  to  the  centre,  but  it  always  blows  at 
the  circumference,  and  in  a  direction  perpendicular  to  the  radius.  The 
progressive  motion  of  the  hurricane  is  rectilinear  or  curvilinear.  Chaina 
of  mountains  on  elevated  coasts  are  generally  the  causes  of  changes  in  the 
direction  of  the  hnrricanca.    Their  origin  is  due  to  the  meeting  <tf  two  oppo- 
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Hurricanes  are  generally  observed  at  the  period  of  the 
greatest  heat  of  the  day ;  but  in  the  ulterior  of  continents, 
especially  when  they  are  mountainous,  there  are  also  noc- 
turnal storms.  According  to  observations  made  by  the  in- 
trepid CaUlei  this  is  often  seen  in  the  mountains  to  the 
south  of  the  western  part  of  Sahara ;  and,  according  to 
those  made  by  Bschweffei  in  the  mountains  of  Brazil.  The 
latter  assures  us  that  no  idea  can  be  formed  of  the  violence 
of  a  nocturnal  storm  in  the  virgin  forests  of  this  country. 

I  am  not  in  possession  of  sufficient  facts  for  determining 
the  number  of  storms  observed  in  a  vear  in  the  different 
regions  of  the  globe.  However,  from  tne  observations  made 
by  travellers,  it  appears  that  they  occur  for  the  most  part 
when  the  regularity  of  the  trade- winds  is  disturbed,  or  when 
the  monsoons  change. 

At  sea,  in  the  region  of  the  trade- winds,  storms  appear  to 
be  as  unconunon  as  rain ;  for  I  do  not  remember  to  have 
found,  in  a  single  traveller,  the  account  of  a  storm  of  any 
violence  in  this  zone.  At  Madeira,  storms  appear  to  be 
very  frequent  in  winter ;  and  this  is  also  the  season  when 
the  limit  of  the  N.£.  trade-wind  passes  into  the  vicinity  of 
this  island.  During  the  conflict  that  occurs  between  the 
S.W.  wind,  which  is  descending,  and  the  N.£.  trade- wind, 
electric  discharges  are  very  common. 

STORMS  IN  HIGH  IiATITUDES.— North  of  the  Alps 
there  are  scarcely  any  storms  except  in  the  hot  season.  As 
we  advance  from  the  shores  of  the  Atlantic  into  the  interior 
of  the  continent,  a  modification  is  found,  in  their  number 


•ite  winds,  which  produce  the  whirlwind.  From  his  reeearehes,  M.  Don 
draws  iJie  following  indications  for  the  use  of  nautical  men : — 

1st.  In  the  temperate  lone  of  the  northern  hemisphere,  if  the  wind  blows 
first  firom  the  8.E.,  and  turns  to  the  south,  and  then  to  the  west,  the  ship 
should  be  steered  to  the  8.E.  On  the  contrary,  if  It  blows  first  from  the 
M.E.,  and  passes  to  the  north  and  the  N.W.,  the  ship  must  be  steered  to  the 
N.  W.  In  the  ibrmer  case,  we  are  in  the  S.E.  region  of  the  hurricane ;  and 
in  the  latter,  on  the  contrary,  in  the  N.  W. 

Sd.  In  the  northern  part  of  the  equatorial  tone,  if  the  wind  first  blows 
from  the  N.E.,  and  passes  through  the  east  to  S.E.,  we  must  steer  to  N.E. 
If  it  blows  first  from  N.  W.,  and  turns  by  west  to  8.  W.,  we  must  steer  to  the 
S.W.  In  the  first  case,  the  ship  is  in  the  N.E.,  and  in  the  seoond,  in  tha 
S.W.  of  the  l^pnicane. 

8d.  In  the  southern  part  of  the  equatorial  aone,  when  the  wind  blows 
trcaca  S.E  ,  and  then  turns  to  south  and  8. W.,  we  must  steer  to  N.W.  {  if  it 
blows  first  from  east,  and  passes  through  north  to  N.  W.»  we  must  steer  S£. 
In  the  first  case  the  sailor  is  N.W.  of  the  tempest,  and  in  the  seoond,  8.B. 

4th.  In  the  temperate  sone  of  the  southern  hemisphere,  if  the  wind  Is 
first  esUblished  in  the  N.E.,  and  then  passes  through  north  to  M.W.,  the 
head  must  be  turned  to  the  N.E.  If,  on  the  contrary,  it  is  established  m  the 
S.E.,  to  pass  to  south,  and  then  to  S.W.,  we  must  steer  to  S.W.  In  the 
flnt  case,  the  ship  is  N.E.,  in  the  second,  S.W.  of  the  tempeet.  (Pooosa- 
voBvr's  AnmU$,  t.  lU.  p.  1. 1841).— M. 
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and  distribution,  analogous  to  that  of  rain.  Mountainous 
countries  are  an  exception  to  the  general  law,  inasmuch 
as  storms  are  more  frequent  on  the  west  side  of  chains  than 
on  the  plain.  On  the  west  coast  of  Europe  and  in  Germany, 
we  find  about  twenty  storms  in  the- year ;  at  St.  Petersburg 
and  Moscow,  seventeen  at  a  mean ;  at  Kanui, nine;  at  Nerts- 
chinsk,  two ;  and  at  Irkoutsk,  about  eight.  Let  100  repre- 
sent the  number  of  storms  occurring  in  a  year,  we  have  the 
following  distribution  in  the  four  seasons : — 


BBLATIYB  KUMBBK  OF  BTOBMS  IB  THB  FOUB  SBASOBS. 


WIBTBB. 

SPBINO. 

SUIIMBB. 

AUTUMN. 

W.  Europe  .     .    . 
Switzerland  .     .     . 
Grermany  .... 
Interior  of  Europe 

8,9 
0,4 
1,4 
0,0 

17,7 
20,6 
24,4 
15,7 

52,5 
69,0 
66,0 
79,3 

20,9 

10,0 
8,2 
5,0 

(Vide  Appendix,^.  39.) 

On  the  western  coast  of  Europe  only  a  tenth  of  the  total 
number  of  storms  occurs  in  winter;  in  summer,  there  is 
the  half.  In  Switzerland  and  in  Grermany,  a  storm  in  win- 
ter is  a  very  rare  phenomenon ;  two-thirds  of  the  total  num- 
ber occur  m  summer.  In  the  interior  of  the  old  continent 
there  are  no  storms  in  winter,  three -fourths  take  place  in 
summer,  and  the  small  number  of  these  that  are  observed 
in  spring  and  autumn  occur  only  during  the  hottest  months 
of  tnese  two  seasons ;  so  that  we  may  correctly  say  that 
there  are  no  storms  during  one  half  of  the  year. 

STORMS  IN  SCANDINAVIA. — As  there  is  not  any 
country  where  the  transition  from  a  sea  to  a  continental 
climate  is  so  sudden  as  in  Scandinavia,  so  there  is  no  place 
where  there  is  so  great  a  difference  for  storms ;  we  shall  be 
convinced  of  this,  by  comparing  their  number  in  different 
towns: — 
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KELATIYB  NUBCBBR  OF  STORMS  IN  DIFFERENT  TOWNS  IN 

SCANDINAVIA.. 


'8(END- 

SFYD- 

STOCK- 

MONTHS. 

BERGEN. 

SKARA. 

M(ER. 

BERG. 

HOLM. 

January  . 

1,3 

0,2 

0,0 

0,0 

0,1 

February 

1,3 

0,2 

0,0 

0,0 

0,0 

March .    . 

0,1 

0,0 

0,0 

0,0 

0,0 

April  .    . 
May     .    . 

0,2 

0,2 

0,0 

0,2 

0,0 

0,0 

0,1 

0,7 

0,8 

0,9 

June    .    . 

0,2 

0,3 

2,7 

1,9 

2,0 

July    .    . 

0,8 

0,5 

2,3 

2,4 

3,8 

August    . 

1,0 

0,1 

1,7 

3,6 

1,9 

September 

0,5 

0,1 

0,3 

0,7 

0,4 

October    . 

0,0 

0,6 

0,0 

0,0 

0,0 

November 

0,4 

0,6 

0,0 

0,0 

0,0 

December 

0,0 

1,0 

0,0 

0,0 

0,0 

Year   .    . 

5,8 

3,9 

7,7 

9,3 

9,2 

Winter    . 

44,8 

35,6 

0,0 

0,0 

0,1 

Spring.    . 

5,2 

8,9 

8,7 

10,8 

10,4 

Summer  . 

34,5 

22,2 

86,9 

81,7 

83,5 

Autumn  . 

15,5 

33,3 

4,4 

7,5 

5,9 

(  Vide  Appendix,^.  40.) 

The  number  of  storms  is  very  small,  for  there  are  not 
above  ten  in  the  year ;  but  their  distribution  is  very  differ- 
ent on  the  coast  and  in  the  interior  of  the  country.  At 
Bergen,  the  winter  rains  predominate  over  those  of  summer; 
and,  at  the  same  time,  storms  are  more  frequent  there,  as 
also  at  SoendmGer,  which  is  in  the  same  district;  but,  at  Spyd- 
berg,  in  the  interior  of  the  country,  we  find  the  same  rela- 
tions as  in  Russia:  it  is  the  same  at  Stockholm  and  at 
Skara.  Stroem,  Arents,  and  Hertsbercr,  have  perfectly  ae- 
scribed  these  winter  storms  of  the  province  of  Bergen  :  they 
arrive  indifferently  at  the  end  of  an  intense  cold,  as  after  a 
time  of  continuous  thaw,  or  after  rain.  They  are  always 
brought  by  west  or  S.W.  winds.  Btroem  even  asserts  that 
a  storm  may  be  predicted,  if  the  wind  suddenly  changes 
from  the  S.W.  to  west  or  N.W.  These  storms  are  violent 
on  the  islands  along  the  coast ;  they  are  more  feeble  in  the 
fiords,  and  almost  unknown  in  the  interior  of  the  countries, 
where  storms  sometimes  burst  forth  in  summer. 
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Winter  Btorms  are  formed  more  commonly  on  sandy 
shores.  In  Iceland,  lightning  fireqnently  occurs  in  winter 
in  the  neighbourhood  of  the  volcanoes ;  at  the  Feroes,  the 
Hebrides,  Uie  Shetland,  and  the  Orkneys,  it  is  only  during^ 
violent  gales  of  wind  that  thunder  is  heard  to  roll.  On  the 
west  coast  of  America,  and  on  the  east  coast  of  the  Adriatic, 
storms  are  much  more  common  in  winter. 

If  the  number  of  storms  is  so  small  in  Scandinavia,  com^ 
pared  with  Germany  and  France,  it  is  seen  to  diminish  still 
more  as  we  advance  toward  the  north,  where  the  quantity 
of  vapours  filling  the  atmosphere  is  very  small.  Thusfr 
during  a  sojourn  of  six  years  in  Greenland,  latitude  70®, 
CHseeke  heard  thunder  but  once ;  and  all  travellers  agree 
on  this  point. 

STORMS    IN   THB    NORTH    OF    THB    MBDITSR* 

RANRAN. — The  ancients  had  long  ago  remarked  their 
frequency  in  certain  seasons.  Imcretiua  thought  that 
violent  winds  squeezed  out  the  fire  contained  in  the  clouds  :- 
and  he  hence  deduces  the  causes  of  their  distribution  in  the- 
different  seasons : — 

'*  JiatiimDoqtte,  magis  stellia  fulgentlbiu,  alta 
Conctttitur  caell  domiu  undique,  totaque  tellus, 
Et  Ottm  teropora  ae  veris  florentia  pandunt ; 
Frigore  enlm  desont  Ignes ;  ventlque  calore 
Denciunt,  noqae  sunt  tain  denao  corpore  nubet : 
Inter  utminque  Igltar  cum  ccbH  tempora  constant, 
Tom  TarlfB  caiuae  concnmint  ftilmlnls  omnea ; 
Nam  flretus  IpM  annl  permiscet  ftigiis  et  fl»tum, 
Qaorum  ntrumque  opus  ett  fabrlcanda  ad  ftilmina  nobli 
Ut  dlaoordia  ait  rerum,  magnoque  tumnltu 
Igniboa  et  Tentla  ftuibundoa  fluctoet  aer. 
Prima  caloris  enim  para  et  poatrema  rigoria, 
Tempna  id  eat  vemum ;  quare  pugnare  neceaae  eat 
Dlaalmilca  inter  ae  rea,  tarbareqno  miataa, 
Et  calor  eztremoa  primo  cum  fHgore  miatua 
VoMtur,  autumni  quod  fertur  nomine  tempua ; 
Hie  quoque  coofligunt  liyemea  nstatibus  acres : 
Propterea  aunt  baec  belU  annl  nomlnitanda. 
Nee  mimm  cat  in  eo  ai  tempore  plurima  flunt 
Fnlmlna,  tempeataaque  cietur  tui'bida  cobIo.** 

Book  vi.  tenet  356  et$eq. 


The  testimony  of  other  writers  agrees  with  that  of 
erettaa ;  in  Greece,  storms  are  frequent  in  autumn,  and  in 
spring,  according  to  M.  Peytier's  ob6er>'ation8.  There  arer 
probably  great  differences  in  their  season  distribution ;  un- 
fortunately, we  possess  but  few  documents  on  this  point.  I 
associate  here  those  which  wc  have  for  Rome,  ridermo^ 
Padua,  and  Janina,  thanks  to  M.  de  Powiaevlile. 
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BBI.ATXTE  HUMBBX  OF  STORMS,  IB  DIFFEBBBT  8EASOSI8,  IN 

ITAI^T,  AND  AT  JANINA. 

MONTHS. 

PAPUA. 

BOMB. 

PAUUMO. 

JANINA. 

January     . 

0,1 

1,1 

0,4 

1,2 

February   . 

0,5 

1,6 

(H7 

1,6 

March   .    . 

1,2 

1,7 

0,6 

1,6 

April     .    . 

2,7 

1,6 

0,7 

3,1 

May  .    .    . 

5,3 

3,8 

0,8 

7,4 

June .    .    . 

8,5 

5,3 

0,8 

5,8 

July .    .    . 

9,5 

8,7 

0,7 

6,6 

August .    . 

7,9 

5,8 

0,8 

5,2 

September . 

3,6 

6,4 

1,5 

3,1 

October .    . 

1,8 

5,4 

3,0 

3,7 

November  . 

0,8 

3,9 

2,4 

3,1 

December  . 

0,2 

2,1 

1,1 

2,6 

Year .     .     . 

41,9 

42,4 

13,5 

45,0 

Winter  .    . 

9,8 

11,2 

14,8 

12,0 

Spring  .     . 

21,7 

16,8 

15,9 

26,9 

Summer     . 

61,8 

34,9 

21,5 

39,1 

Autumn     . 

14,7 

37,1 

47,8 

12,0 

In  north  Italy,  as  well  as  in  Greece,  there  are  about 
forty  storms  in  the  year,  that  is  to  say,  a  number  the  double 
of  that  for  Germany.  At  Palermo,  the  number  is  not 
above  a  third  of  that  in  our  climates ;  the  air  is  indeed 
purer,  and  the  warm  air  coming  from  Africa  opposes  the 
precipitation  of  aqueous  vapours.  There  are  only  sixty- 
four  days  of  rain  throughout  the  year  at  Rome ;  at  Padua, 
on  the  contrary,  there  are  120.  At  Palermo,  storms  are 
very  common  in  autumn,  whilst  at  Borne  theie  is  scarcely 
any  difference  between  autumn  and  summer ;  their  distn- 
bution  through  the  year  at  Padua  completely  recalls  to 
mind  that  of  Germany.  The  observations  of  the  ancients 
chiefly  relate  to  this  town :  and,  if  they  have  laid  stress 
upon  autumn  storms,  it  is  because  they  are  more  violent, 
and  of  longer  duration. 

FORMATION  OF  STORMS.  — All  storms  may  be 
divided  into  two  classes ;  the  one  class  are  due  to  the  action 
of  an  ascending  current,  the  other  are  a  result  of  the  conflict 
of  two  opposite  winds ;  the  former  occur  during  the  hot 
season,  the  latter  during  winter.  Let  us  begin  by  ex- 
amining those  of  the  first  class. 

In  our  climates,  and  in  summer,  three  conditions  are 
necessary  for  the  formation  of  a  storm :  a  great  calm  in  the 
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atmosphere,  a  soil  moist  to  a  certain  extent,  and  serene 
weather.  The  calm  of  the  air  does  not  always  extend  to 
the  limits  of  the  atmosphere,  for,  in  general,  the  harometer 
falls  slowly  for  a  day  or  two,  a  proof  that  aur  is  passing 
away  in  all  directions.  The  cin%  which  forst  make  their 
appearance,  are  drawn  along  hy  feeble  S.W.  winds.  Under 
these  drcnmstanoes,  the  masses  of  air  in  contact  with  the 
ground  acquire  very  great  ascensiye  force,  because  the  high 
temperature  that  we  wen  observe  only  belongs  to  the  lower 
strata;  for,  if  we  compare  thermometric  observations  made 
at  more  elevated  points,  we  shall  find  that,  during  the  da^ 
of  storm,  the  decrease  of  temperature  is  extremely  rapid. 
The  vapours  then  condense  in  the  higher  regions  of  the  atmo* 
sphere,  and  contribute  to  increase  the  volume  of  the  ctrriy  by 
being  transformed  into  flakes  of  snow ;  at  the  same  time  cumuu 
are  formed  below,  which  pass  into  the  state  of  very  dense 
douds :  the  temperature  tnen  very  frequently  falls,  and  the 
sun  ceases  to  act  powerfully  on  the  ground  and  on  the  air. 

Under  the  innuence  of  these  circumstances,  it  may  very 
readily  happen  that  the  clouds  are  again  dissolved  l^  cur- 
rents of  hot  air  rising  toward  them :  if  this  air  is  dry,  this 
result  is  inevitable ;  but  the  equilibrium  of  the  atmosphere, 
if  it  existed  in  the  outset,  may  be  disturbed  by  the  slightest 
cause;  these  causes  reside  in  the  atmosphere  itself.  The 
mass  of  air  situated  below  the  clouds  being  colder,  because 
it  does  not  receive  the  direct  influence  of  the  solar  ravs, 
there  are  on  the  sides  currents  of  hot  air  directed  tovrards  the 
clouds,  and  the  presence  of  which  is  generally  betrayed  by 
small  clouds ;  wnilst,  at  the  surface  of  the  earth,  currents 
diverge  in  all  directions,  setting  out  from  the  storm  as  a 
eentre.  If  the  difference  of  temperature  is  veij  great,  then 
these  winds  acquire  considerable  force,  and,  if  the  move- 
ment extends  in  height,  masses  of  cold  air  are  precipitated 
towards  Uie  earth,  which  determine  the  rapid  condensation 
of  vapours,  and  give  place  to  a  very  high  developement  of 
electricity.  K,  on  the  contrary,  the  mass  rises  toward  the 
2enith,  the  barometer  ceases  to  fall,  and  even  rises  some 
tenths  of  a  millimetre,  but  it  begins  to  fall  as  soon  as  the 
storm  departs.  These  storms  frequently  take  place  at  the 
period  of  the  greatest  diurnal  heat ;  the  air  soon  recovers 
Its  serenity,  but  the  storm  is  produced  again  for  several 
snccessive  days ;  storm-clouds  are  formed,  without  thunder 
ooeurring  every  time,  until  the  direction  of  the  winds  and 
the  state  of  the  atmosphere  are  completely  changed. 

This  periodicity  of  storms,  which  Voita  was  the  first  to 
observe  in  the  north  of  Italy,  but  of  which  traces  are  found 
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in  our  climates,  does  not  exist  in  the  second  class  of  storms^ 
The  cirrif  it  is  true,  are  developed  under  the  influence  of  very 
elevated  south  winds,  which  sometimes  descend  to  the  level 
of  the  earth;  but  these  south  winds  contend  with  those 
from  the  north ;  at  their  point  of  meeting  storms  are  formed. 
These  clouds  occupy  long  and  very  narrow  bands;  and,  in 
this  case,  violent  showers  occur.  This  conflict  may  occur 
for  several  days  successively,  as  was  seen  at  Halle  for  a 
whole  week  of  the  month  of  July,  1834 ;  the  issue  of  the 
conflict  determines  the  physiognomy  of  the  weather.  If  the 
south  winds  gain  the  pre-eminence,  the  barometer  continues 
falling,  and  me  weather  becomes  heavy  and  rainy;  if  the 
north  winds,  the  air  is  at  first  cold,  and  remains  serene,  and 
is  afterwards  heated  under  the  influence  of  the  solar  rays. 

In  all  cases,  a  rapid  condensation  of  vapours  is  the 
essential  condition  for  the  formation  of  storms :  if  electricity 
is  very  powerfully  developed,  there  is  a  storm ;  if  not,  there 
are  simply  passing  showers,  accompanied  by  very  marked 
signs  of  electricity.  K  we  examine  all  the  circumstances 
that  accompany  the  developement  of  electricity,  we  must 
consider  the  condensation  of  vapours  as  the  cause  of  its 

Sroduction,  and  conclude  that  it  is  the  storm  that  pro- 
uces  the  electricity,  and  not  the  electric  tension  that  pro- 
duces the  storm,  as  is  the  general  opinion.  Violent  rains 
without  thunder  and  lightning  are  distinguished  from 
storms  merely  by  a  lesser  developement  of  electricity; 
whence  proceeds  tne  absence  of  lightning  and  thunder. 

HEIGHT  OF  STORM-CiiOUDS.— Storms  in  summer 
always  commence  with  cirri;  when  these  become  thicker^ 
or  when  one  or  several  strata  of  cumuli  exist  beneath,  then 
these  clouds  make  a  mutual  exchange  of  lightnings.  We 
must,  therefore,  assign  to  storms  a  great  height ;  this  asser* 
tion  is  quite  in  contradiction  to  the  received  opinion  of  the 
moderate  height  of  electrical  clouds.  Travellers  who  have 
been  at  the  summit  of  the  Brocken,  at  1140  metres,  and  on 
mountains  of  less  elevation,  have  assuredly  seen  them  be- 
neath them.  Whether  the  sky  was  perfectly  serene  over 
their  heads  is  what  they  have  omitted  to  tell  us :  in  a 
storm  they  only  regard  the  lightning,  and  rarely  the  state 
of  the  sky,  for  several  hours  before  it  bursts  forth.  On 
the  Alps,  I  never  saw  storms  beneath  my  feet.  The  whole 
mass  was  oflen  overhead;  I  was  sometimes  enveloped  in 
clouds,  and  the  thunders  and  lightnings  burst  forth  at  no 
great  distance  from  me ;  but  I  found  myself  merely  in  the: 
lower  part  of  the  stormy  mass,  which  exchanged  sparks 
with  the  higher  mass. 
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Those  low  clouds  that  are  obeerved  on  the  summits 
of  mountains  of  moderate  elevation  form  with  extreme 
rapidity  on  the  approach  of  the  storm.  I  have  frequently 
OMerved  them.  During  my  stay  on  the  Risi,  at  1800 
metres  above  the  sea,  the  sky  remained  covered  with  cirri 
for  the  whole  morning ;  this  am»  thickened  about  mid-day, 
and  isolated  cumuli  passed  over  my  head.  In  the  afternoon 
a  storm  formed  in  tne  upper  part  of  the  Valley  of  Sunen ; 
I  heard  the  ^ntle  rolling  of  distant  thunder,  and  it  rained 
abundantly  m  this  valley ;  the  Rigi  was  free  from  clouds, 
there  were  merely  a  few  on  Mount-Pilate.  After  some 
time  the  storm  was  directed  toward  the  north,  but  it  was 
evidently  higher  than  the  summit  of  Mount-Pilate,  which 
]8  2044  metres  above  the  sea.  I  could  see  along  the  sides 
of  this  mountain  the  effects  of  the  descending  current  of 
cold  air ;  not  only  did  the  clouds  increase  rapidly  around 
its  summit,  but  isolated  masses  rolled  with  extreme  velocity 
alonff  its  ridges,  like  colossal  balls  precipitated  from  the  top 
of  toe  mountain ;  lower  down,  tne^  disappeared,  or  else 
moved  horizontally.  At  the  same  time  the  thunder  burst 
forth  with  greater  violence.  A  few  minutes  afterwards,  the 
portion  of  the  Lake  of  Qoatre  Cantons,  comprised  between 
the  Gulf  of  Alpnach  and  that  of  Lucerne,  was  agitated ;  this 
agitation  was  propagated  with  the  storm  tows^  the  B^i 
and  I  observed  several  clouds  on  the  Riffi-Staffel,  which 
were  not  long  in  disappearing.  Meanwhile,  the  wind  had 
become  more  violent  on  the  summit  that  I  occupied,  the 
clouds  rose  along  the  west  side,  the  storm  approached  my 
senith ;  it  was  at  a  great  height  At  the  end  of  a  few 
minutes  the  clouds  descended  to  a  level  with  me,  and  I 
found  myself  enveloped  in  fog ;  the  thunder  rolled,  and  the 
lightnings  shone  at  a  very  little  distance.  Travellers  after- 
wards assured  me  of  having  found  clouds  at  more  than 
800  metres  below  the  summit.  Considering  merely  these 
lower  donds,  we  cannot  attribute  to  this  storm  a  height 
greater  than  1300  metres  at  the  utmost ;  but  what  we  hove 
seen  above  proves  that  it  surpassed  that  of  Pilate. 

If  storms  were  as  low  as  the  majority  of  travellers 
maintain  they  are,  they  could  not  so  easil  v  travel  throiu;h 
the  lofty  chains  of  mountains.  The  innabitants  of  the 
valley  of  Chamouni  assure  me  that  storms  frequently  pass 
above  the  summit  of  Mont-Blanc  (4810*).  I  have  seen 
a  storm  from  the  Faulhom  (2683")  that  was  arrested  by 
the  Haut  Yalais;  the  higher  boundary  of  the  clouds  over- 
topped the  point  of  FinstSraarhom  (4362°*).  During  another 
storm  the  lower  plain  of  the  clouds  was  very  uniform :  the 
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Eaulhom,  Schwarzhom,  Pilate,  and  the  Niesen  (2365"*), 
were  free  from  clouds.    The  silver  horns  (SUberhoenKr)  ot 
the  Joogfrau  were  not  enveloped  in  it :  we  may,  therefore, 
assign  to  this  stoim  a  height  of  3300  metres  at  least. 

It  is  sometimes  possibk  to  determine  approximati  vely  the 
height  of  a  storm.  When  lightnings  pursue  a  horizontai 
course,  we  measure  the  interval  separating  the  thunder  and 
the  lightning ;  now,  as  sound  travels  333  metres  in  a  second^ 
we  have  only  to  multiply  by  333  the  number  of  seconds  that 
have  elapsed,  in  order  to  estimate  the  distance  of  the  light- 
ning from  the  observer.  If,  at  the  same  time,  we  measure 
the  an^ar  height  of  the  lightning,  we  can  hence  deduce 
its  vertical  height.  Thus,  in  1834,  when  there  were  several 
very  elevated  storms  at  Halle,  I  found,  on  the  5th  of  June» 
that  the  lightnings  were  at  a  height  varying  from  1900  to 
SlOO  metres.  On  the  2l8t  of  July,  the  mmumim  of  certain 
lightningB  traversing  the  zenith  was  1300  metres. 

When  storms  also  are  not  very  elevated,  we  most  admit 
that  the  deads  we  see  are  formed  after  the  more  elevated 
strata,  that  principally  constitute  the  storm.  The  rapidity  with 
wbich  the  lower  clouds  are  condensed  give  rise  to  a  stroi^ 
dectrie  tension  that  is  manifested  by  repeated  dischai]^ ;  it 
is  due  to  the  inductive  action  of  the  higner  masses  acting  oa 
the  lower. 

BuaOTKiClTY  OF  8TOS1C8.— Notwithstanding  the 
numerous  researches  that  have  been  undertaken  on  tius 
sobject,  it  18  still  enveloped  in  great  obscurity.  Place  your- 
self near  an  electrcMneter,  and  observe  it  during  the  whole 
eonrse  of  a  storm,  and  you  will  see  how  variable  its  indiea* 
catioDs  are.  The  lightnings  are  actually  very  near  without 
the  most  delicate  instruments  giving  the  least  sign  of  else* 
tricity ;  suddenly  the  latter  increases  at  the  moment  of  a 
yczy  powerfid  flash.  Another  day  the  storm  arrives  witii 
aU  the  s^;ns  of  a  very  nowerfiil  electric  tension,  lightnings 
play  in  the  clouds,  tne  two  straws  of  the  electroscope 
collapse,  and  it  is  some  time  before  they  open  again.  At 
one  time,  the  electric  tension  will  vary  for  every  clap  of 
thunder,  at  another  time  it  will  remain  the  same  for  a 
quarter  of  an  hour,  although  the  lightnings  rapidly  succeed 
each  other.  In  <me  storm  the  straws  separate  rapidly;  m 
flash  of  lightning  occur?,  and  they  collapse ;  during  another* 
ihey  fall  together,  and  then  diverge  rapidly  to  appro«ch 
slowly,  until  a  fresh  clap  of  thunder  makes  them  divei|;e 
again.  The  electricity  may  be  for  a  long  time  positive,  it» 
Imnoe  alone  varies;  but  soon,  while  the  rain,  the  cloiids^ 
the  wind,  and  the  lightnings,  remain  the  same,  the  straws 
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■eparate  sometimes  under  the  influence  of  positire,  at  other 
times  under  the  influence  of  the  fluid  of  the  contrary  sign. 

If  we  compare  all  that  has  heen  written  upon  storms,  we 
do  not  hesitate  to  conclude  that  they  are  the  most  complin 
cated  phenomena  of  Meteorology.  I  suspect  that  a  long 
time  will  elapse  before  we  can  account  for  all  the  drcum* 
stances  b^  which  they  are  accompanied.  First,  a  single 
observer  is  insulElcient  to  collect  all  the  data ;  we  ought  to 
note  the  electricity,  the  direction  of  the  wind,  the  move- 
ments and  the  form  of  the  clouds,  the  size  of  the  drops  of 
rain,  and  the  direction  in  which  they  fall,  the  form  and 
place  of  the  lightnings,  and  the  divergence  of  the  straws  of 
the  electrometer ;  each  of  these  phenomena  requires  all  the 
attention  of  an  observer,  who  also  loses  valuable  time  in 
writing  his  remarics.  Several  additional  observers  are  ne- 
cessaiy,  who,  being  dispersed  over  the  whole  surface  where 
the  storm  is  visible,  should  each  notice  all  the  indications  in 
his  station,  and  compare  them  with  the  rest'^ 

All  the  capricious  indications  of  the  electroscope  are  due 
io  its  being  influenced  by  several  strata  of  soperposed  donds, 
vfaich  act  and  react  on  each  other  and  on  the  earth,  so  that 
the  electridties  axe  developed  and  neutralised  ahematdy.** 
We  are  accustomed  in  stonns  to  see  the  most  powof ul  de» 
Telopements  of  deetrie  tendoD,  and  it  is  difficult  to  conceive 
liow  lightnings  and  daps  of  thunder  could  occur  without 
there  being  a  yeiy  notable  electric  tension.  Howerer,  the 
eleetridty  of  induction  offers  analogous  effects  on  a  small 
wale.  Insulate  a  durged  Leyden  jar,  and  brin^  the  most 
aensible  electroscopes  near  its  outer  coating ;  it  will  not  give 
the  least  sisn  of  electricity ;  and  yet  it  contains  a  large 
quantity,  which  is  retained  by  the  electricity  accumulated 
on  the  inner  coating :  this  latter  contains  free  fluid ;  for,  if 
we  bring  the  fln^er  near,  a  spark  is  produced,  and  the  supep- 
abundant  eleetridty  passes  away  to  the  ground.  But,  then, 
a  portion  of  the  electricity  of  the  outer  coating  becomes  free, 
and  acts  on  the  electrometer,  while  the  inner  coating  does 
not  act,  and  only  begins  doing  so  when  the  outer  coating  is 
again  touched.  These  alternate  contacts  may  be  repeatedly 
Tenewed;  the  part,  which  formerly  seemed  in  the  neutnu 
state,  becomes  electric  as  soon  as  the  other  is  touched.  If  we 
suspend  a  jar  horixontally  by  silk  threads,  and  place  an 
electroscope  near  it,  its  straws  act  as  they  do  during  a  storm, 
with  this  difference,  however,  that  there  are  not  merely  two 
coatings,  but  several ;  for  eadi  gust  of  wind  condenses  fredi 

IT  Vide  Note  7,  AppenOs,  Ko.  n.       »  VUe  Kote  r,  Appendix,  No.  II. 
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vapours  which  liberate  electricity :  hence  we  can  understand 
how  complicated  the  phenomenon  is. 

All  storms  furnish  a  proof  of  these  successive  condensa- 
tions. A  flash  of  lightning  passes  the  SEenith,  and  before  die 
jclap  of  thunder,  but  rarely  afterwards,  the  rain  or  hail 
escapes  in  torrents  from  the  cloud ;  the  drops  at  first  fall  in 
a  line  inclined  to  the  horizon,  and  then  return  to  a  vertical 
direction.  It  is  commonly  stated,  that  the  rain  is  an  effect  of 
the  lightning  tearing  the  clouds ;  ^'  but  it  is  the  gust  of  wind 
condensing  tne  vapours  into  lai^e  drops,  having  first  driven 
them  into  an  almost  horizontal  oirection :  hence,  the  escape 
jof  electricity  and  the  claps  of  thunder.  As  a  j^roof  that  this 
condensation  precedes  tne  lightning,  the  rain  often  falls 
before  the  noise  of  the  thunder  is  heard :  now,  the  latter 
travels  333  metres  per  second ;  if,  therefore,  the  rain  were  an 
effect  of  lightning,  it  would  follow  that  the  drops  of  water 
^ould  have  fallen  with  a  velocity  at  least  equals — a  velocity 
which  they  never  have,  even  at  the  end  of  their  fall. 

Add  to  this,  that  storms  are  frequently  heard  over  a  sur- 
fyuce  of  many  thousand  square  myriametres,  and  that  the  dec* 
tricit^  of  each  of  then:  parts  reacts  on  the  other.  The  observer, 
who  IS  situated  on  the  plain,  has  not  a  sufficiently  extensive 
view  to  embrace  the  whole,  and  he  who  is  on  a  mountain  is 
most  commonlv  enveloped  in  clouds.  In  a  storm  that  I 
observed  on  the  Faulnom,  August  13,  1833,  the  lower 
jclouds  did  not  exist,  and  I  was  able  to  contemplate  the  phe- 
nomenon in  all  its  grandeur.  Many  times  daring  the  day  it 
had  rained  in  the  mstance,  and  ako  near  me.  About  seven 
in  the  evening,  the  mass  of  clouds,  comj^osed  of  several 
strata,  present^  a  stormy  appearance ;  their  lower  suriaee 
was  at  an  elevation  of  about  3300  metres.  Beyond  the 
Piablerets  in  the  Bas-Vallais,  and  Glaemisch  in  the  canton 
of  Glarus,  nothing  was  visible.  In  this  storm,  which  had 
An  extent  of  more  than  150  kilometres,  the  lightnings  dis- 
tinctly came  from  five  different  points :  beyond  the  Diablerets, 
in  the  country  of  Vaud ;  to  the  right  of  Kinderhom,  perhi^ps 
in  Simmenthal ;  in  the  direction  of  Berne ;  in  that  of  Lu- 
oeme,  behind  the  summit  of  Mount-Filate,  and  in  that  of 
Schwitz.  Many  hours  of  observation  convinced  me  that  the 
.electricities  from  these  five  points  acted  and  reacted  on  each 
other.  Out  of  at  least  one-third  of  the  lightnings  I  drew 
the  following  conclusions :  in  the  Pays  de  Vaud,  a  flash 
passed  between  two  strata  of  clouds,  for  the  loM^er  stratum  was 
^ery  little  illuminated ;  immediately  afterwards,  frequently 
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at  the  same  time,  a  zigzag  flash,  directed  firom  ahoye  down- 
irardfl,  was  seen  In  the  neighbourhood  of  Binderhom.  S<nne 
instants  afterwards,  electnc  lights  shone  above  Berne,  and  a 
sijgzaff  flash  replied  to  them  in  the  neighbourhood  of  Luoeme> 
and  then  in  that  of  Schwitz.  When  the  atmosphere  became 
very  dark,  I  also  saw  lightnings  in  the  east;  but  they  were 
too  far  off  for  me  to  be  able  to  study  them.  It  is  evident 
that  the  first  flash,  which  passed  in  the  neighbouxhood  of 
Yaud,  disturbed  the  equilibrium  of  the  whole  system :  an 
observer,  placed  at  Schwitz,  would,  therefore,  have  observed 
escalations  in  the  electrometer,  the  prime  cause  of  which 
depended  on  a  flash  of  lightning  that  had  occurred  in  the 
ae^bourhood  of  Lake  Leman. 

RBTUKN  STROKB. — It  is  not  uncommon  to  see  two 
storms  separated  by  a  part  of  the  sky  almost  entirely  serene; 
a  flash  of  lightning  in  the  one  is  followed  by  a  flasn  in  the 
other.  But,  the  earth  being  by  induction  in  a  state  opposite 
to  that  of  the  doud,  the  electricity  may  recombine  with  that 
of  the  doud  and  produce  a  violent  shock.  Few  events  of 
this  kind  have  made  so  much  stir  as  that  of  July  19, 1785 ; 
of  which  BiTdoaa  has  preserved  all  the  details.  After  a 
fine  morning,  clouds  appeared  in  the  north-west  at  1 1  o'clock ; 
between  12  and  1  o'clock  they  exchanged  lightnings,  which 
were  succeeded  by  claps  of  thunder  after  inter\'als  of  twenty 
er  thirty  seconds.  Suddenly  Brjdon^  heard  a  loud  detona- 
tion, as  if  several  guns  had  been  discharged  at  short  intervals ; 
this  detonation  was  not  preceded  by  any  lightning.  At  a 
short  distance  firom  the  house  a  man  named  i«adar,  driving 
a  cart  of  coals,  was  killed,  as  were  also  his  horses ;  another 
carman,  seated  on  a  cart  that  followed  the  former,  saw  the 
horses  Ml  without  perceiving  any  lightnmg  or  fbeLing  any 
shock.  Several  pieces  of  coal  were  scattered  about.  At  five 
decimetres  behind  each  of  the  cart-wheels,  there  was  a  hole 
in  the  earth  five  centimetres  in  diameter,  the  middle  of 
which  corresponded  with  the  tire  of  the  wheel.  These  de- 
tails were  confirmed  by  ocular  testimony.  In  the  neigh- 
bourhood, a  shepherd,  who  was  feeding  his  sheep,  saw  a 
lamb  fall  dead,  and  he  himself  felt  a  flttme  pass  before  his 
fiice.  This  accident  preceded  that  of  lAndar'a  by  about  a 
quarter  of  an  hour,  and  it  occurred  about  2700  metres  from 
tne  place  where  the  latter  was  killed.  A  woman,  who  was 
cutting  grass  at  a  short  distance,  experienced  a  violent  shock 
in  the  &tj  and  feU.  Bail,  the  shepherd,  aseerts  that  he  felt 
the  ground  of  his  garden  tremble  beneath  his  feet. 

These  phenomena  result  from  the  action  of  clouds  on 
each  other  and  on  the  earthy  we  may  imitate  them  by 
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of  oor  machines.  Electrise  positively  a  conductor, 
wfaieh  I  wi]l  call  A,  then  axTanse  in  its  neighbourhood  two 
nnall  cylinders,  B  and  C,  placed  one  behind  the  other ;  If  A 
«id  B  are  sufficiently  far  apart  so  that  the  spark  cannot  pass 
hctween  them,  B  will  be  electrised  by  induction,  the  eX" 
tremity  nearer  to  A  will  be  n^ative,  the  other  positive,  and 
a  ereat  number  of  sparks  will  pass  from  B  to  C.  The  same' 
ifainff  happens  alter  a  flash  of  lightning  among  several 
douSs,  or  between  a  cloud  and  the  earth.  Suppose  that  a 
laxge  dond  electrises  the  earth  by  induction ;  k,  at  one  of* 
its  extremities,  a  flash  of  lightning  falls  on  the  ground,  the 
electricity  of  the  opposite  side,  becoming  free,  unites  witb 
that  of  tne  earth.  If  the  latter  is  moist,  the  passi^  is  easily 
made ;  if  not,  there  is  a  shock,  because  the  earth  conducts 
the  electricity  badly. 

UN£S  OF  THE   SEPARATION   OF   8TORSI8.— In 

mountainous  countries  storms  are  generally  more  frequent 
and  more  violent  than  in  the  plain,  because  the  winds  pro- 
duce a  more  rapid  condensation  of  vapours;  at  the  same 
time,  the  mountains  oppose  the  movement  of  the  clouds,  and 
llie  electricity  produced  accumulates,  as  it  were,  in  a  single 
point.  In  some  countries,  mountains  are  actual  lines  of 
separation ;  often,  indeed,  a  storm,  formed  in  the  plain  or  in 
a  valley,  is  driven  by  the  wind  toward  a  chain  of  mountains; 
it  stops  there,  whence  it  is  afterwards  drawn  in  another 
direction,  and  ramified  in  various  ways.  In  every  village^ 
tiiey  will  shew  you  the  spot  whence  storms  come:  how* 
e^,  these  operations  mustbe  subjected  to  scrutinj,  which 
does  not  generally  confirm  the  received  opinion. 

Mountains  oppose  to  storms  a  purely  mechanical  obstacle; 
the  storm  is  frequently  drawn  onward  by  a  wind  of  moderate 
power,  but  the  cold  air  below  the  cloud  is  precipitated  with 
extreme  rapidity,  and  passes  away  in  all  directions ;  while 
the  warm  air  above  moves  in  all  chrections  toward  the  cloud. 
If  the  current  of  cold  air  meets  a  chain  of  mountains,  it  ex- 
periences a  resistance,  and  arrests  the  movement  of  the  cloud 
bv  reacting  on  it ;  if  the  direction  of  the  progress  of  the 
cloud  is  perpendicular  to  that  of  the  chain  of  mountains,  it 
mav  remain  dinging  to  them  for  a  long  time.  If  its  directi<Mi 
makes  an  acute  angle  with  that  of  the  chain,  it  then  foUows 
it  until  it  finds  a  valley  whose  direction  is  parallel  to  that 
which  it  had  in  the  outset,  it  penetrates  this  valley,  and  then 
discharges  itself.  Isolated  summits  frequently  separate  stonns 
into  two  parts,  each  of  which  pursues  a  separate  course. 

STORMS  IK  IMTINTBR. — ^The  formation  of  storms,  as 
I  have  said  already,  is  aooompanied  by  a  dow  and  ooBtiiiaed 
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ftn  of  the  barometer,  which  proves  that  south  winds  prevail 
SB  the  higher  regions  of  the  atmosphere.  When  the  ascend^^ 
ing  current  elevates  the  va^nrs  to  a  great  height,  they  are 
rapidly  condensed.  The  wind  draws  them  along  with  it; 
wnerefore,  storms  in  winter  always  come  with  a  S.W.  wind. 
in  other  cases,  the  storm  is  formed  at  the  point  where  two 
opposite  winds  meet ;  it  is  then  very  violent,  and  the  state 
of  the  atmosphere  is  troubled  for  a  long  time.  When  east 
winds  have  oeen  constantly  blowing,  and  the  S.W.  obtains 
the  pre-eminence,  the  weatner  becomes  rainy.  Duriug  these 
storms,  there  is  so  much  confusion  between  the  aerial  cur- 
rents,  that  it  requires  the  most  attentive  observation  to 
vnnrvel  them.  I  have  rarely  been  able  to  observe  them  so 
well  as  during  the  storm  of  July  21,  1834;  east  winds  had 
been  prevailing  for  a  Ions  time,  the  sky  was  serene,  and  the 
temperature  high,  but  tne  barometer  fell  slowly.  On  the 
morning  of  the  day  of  the  storm  there  were  interlaced  cirri 
in  a  sky  with  a  heavy  aspect,  eq^ecially  in  the  west.  The 
cirri  gradually  condensed,  the  brightness  of  the  sun  became 
paler  and  paler,  whilst  in  the  east  the  sky  remained  serene. 
After  four  o*clock  its  azure  hue  disappeared  behind  thick 
cirri;  and  bluish  clouds,  the  precursors  of  a  storm,  ascended 
from  the  west  toward  the  zenitn,  which  they  passed.  Thunder 
was  soon  heard,  rain  and  hail  fell  in  abundance,  but  the 
clouds  moved  with  variable  velocity.  It  was  for  a  long 
time  evident  that  clouds  were  movmg  from  west  to  east, 
although  the  principal  mass  moved  toward  the  west.  Va- 
pours coming  from  the  west  mingled  with  air  coming  from 
tiie  east.  Those  which  were  lower  were  condens^,  but 
were  always  driven  back  toward  the  west.  Although  the 
entire  phenomenon  was  a  consequence  of  the  contest  of 
opposite  winds,  yet  it  was  easy  to  see  that  the  combat  was 
more  violent  in  certain  spots,  and  was  accompanied  with  a 
condensation  of  vapours  and  a  developeroent  of  electricity. 
Indeed,  the  clouds  moved  with  velocity  in  one  point ;  they 
turned  on  themselves,  and  became  more  and  more  opaque. 
The  lightnings  in  this  point  succeeded  each  other  with 
rapidity,  and  occurred  less  frequently  in  the  other  parts  of 
the  sky.  This  phenomenon  was  soon  produced  in  another 
part  of  the  sky,  veiy  distant  from  the  former,  and  the  light- 
niiwB  ceased  in  the  first  point. 

Thus  it  is  that  all  tne  winter  stonns  are  formed,  when 
two  opposite  Mrinds  contend  together,  and  especially  when  a 
stonn  arriving,  from  the  west,  is  driven  back  by  an  east 
wind.  At  the  moment  when  the  storm  breaks  out,  the  baro* 
Hieter  generally  begins  to  rise.    But  storms  are  seldom 
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veiy  violent  in  onr  countries,  for  the  air  is  not  suffidentl  j 
charged  with  vapours  for  a  notable  quantity  of  electricity  to 
be  developed.  They  are  very  common  in  the  neighbour* 
hood  of  the  coasts,  where  the  temperature  in  wmter  is 
higher,  and  the  evaporation  more  abundant  than  in  the  in- 
terior of  the  country ;  but  their  duration  is  not  so  lon^* 
for  the  electricity  produced  is  soon  exhausted,  and  equih- 
jbrium  is  immediately  re-established. 

laiGHTMiMGS  ^(rrrHOUT  THUNDER.  —  When  a 
storm  is  situated  below  the  horizon,  we  observe  in  the  even* 
ing,  and  during  the  ni^ht,  very  brilliant  flashes  of  light- 
ning, while  no  uunder  is  heard,  because  the  storm  is  too  far 
distant  from  the  observer  for  the  noise  of  the  thunder  to  be 
able  to  reach  his  ear.  But,  when  the  lightnings  attain  an 
imgular  height  of  20^,  it  may  sometimes  happen  that  the 
thunder  is  scarcely  heard.  Tlus  is  particularly  the  case 
when  they  are  very  high  in  the  atmosphere ;  for  then  the 
sound  produced  in  a  highly  rarified  air  is  weakened^  more 
imd  more  as  it  traverses  strata  of  greater  density. 

On  a  serene  evening  we  often  see  after  sunset  intermit- 
**tent  lights  that  illumine  a  ffreat  portion  of  the  sky ;  these 
are  caUed  heat-UgJUmngs,  They  are  observed  within  the 
tropics,  as  well  as  with  us.  At  Demarara,  they  occur  at 
the  commencement  of  the  rainy  season,  for  then  it  is  that 
storms  are  very  common  among  the  mountains  in  the  in- 
^rior,  whilst  the  sky  is  serene  all  along  the  coast  We 
regard  these  lights  as  reflections  of  the  ligntnings  of  distant 
jtorms.  Every  one  may  convince  himself  that 
are  reflected  through  the  air  with  great  intensity  on  a  darl 
night.  When  a  storm  is  in  the  west,  and  the  rest  of  the 
•sky  remains  serene,  we  have  only  to  turn  our  back  to  the 
6torm  to  see  the  lightning  reflected  in  the  east  part  of  the 
Jieavens ;  and  yet,  in  this  case,  the  conditions  for  reflection 
are  far  less  favourable  than  in  the  preceding  example. 

.  We  may  in  this  way  perceive  storms  at  enormous  dis- 
tances ;  but,  as  the  observer  has  not  always  the  opportunity 
of  obtaining  evidence  of  the  existence  of  these  storms,  it  has 
followed  that  various  hypotheses  have  been  given  in  order 
to  explain  these  lights.  Some  have  thought  them  a  phos- 
phorescence of  the  atmosphere ;  others  have  admitted  elec- 
tric sparks  in  a  serene  sky.  But  we  commit  here  the  same 
fault  as  for  storms ;  they  are  observed  at  the  moment  they 
break  forth,  and  all  that  precede  them  is  neglected.  In 
almost  all  cases  when  I  have  observed  violent  heat-light- 
ning, the  sky  has  been  dull  throughout  the  day,  interlacing 
lirri  have  been  perceived  here  and  there ;  every  thing  has 
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made  us  fear  the  approach  of  a  storm ;  sometimefl  there 
hare  been  also  on  the  horizon  etimulo'Stratiu^  which  seemed 
soddenly  to  disappear  after  sunset,  but  the  lightnings  be- 
trayed tneir  existence  by  illuminating  their  forms.  In  this 
case,  we  also  yenr  frequently  perceive  long  horizontal  bands 
of  cirrtu.  The  barometer  b^ins  to  &11  or  rise ;  and  in  the 
majority  of  cases,  in  which  I  have  observed  heat-lightnings, 
I  have  found  in  the  public  journals  that  storms  had  broken 
forth  at  a  distance  of  twenty  or  twenty-five  myriametres. 
Many  times  these  distant  lightnings  were  followed  by  a  vio- 
lent storm  during  the  night. 

M.  d«  la  Rive  of  Geneva,  and  several  Swiss  philosophers, 
having  maintained  the  opinion  that  these  ligbtmngs  were  not 
the  consequence  of  distant  storms,  I  may  here  add  certain 
&cts  observed  in  the  Alps,  to  which  I  may  subjoin  many 
others  of  which  I  was  a  witness  in  Germany  and  elsewhere. 

On  the  18th  of  June,  1832,  £rom  the  summit  of  the 
Bigi,  I  perceived  storms  in  different  directions;  toward 
evening,  the  sky  was  illuminated ;  and  at  nine  o*clock  there 
were  no  clouds  except  on  the  mountains  of  the  south ;  these  . 
also  were  not  long  in  disappearing.  At  ten  o'clock,  I  ob- 
served brilliant  lightning  between  the  south  and  the  S.£. 
beyond  the  Alps;  a  low  and  almost  horizontal  band  of 
clouds,  the  upper  border  of  which  was  visible  only  when 
Ulnminated  bv  the  lightning,  was  seen  in  the  same  direc- 
tion. Beyond  that,  ul  the  mountains  were  relieved.  The 
lightninp  passed  the  zenith.  Had  I  not  perceived  the  bor  - 
der  of  the  storm-cloud,  I  might  have  believed  them  heat- 
lightnings.  Travellers  afterwards  related  to  me  that  violent 
storms  occurred  almost  daily  in  north  Italy.  On  July  1*2, 1 
saw,  together  with  M.  Homer,  at  Zurich,  at  the  south  of  the 
lake,  very  vivid  heat-lightning ;  there  were  drri  in  the  sky, 
and  the  fights  illuminated  even  the  streets  of  the  town. 

In  the  middle  of  the  month  of  August,  1832,  heat-light- 
ning was  very  frequently  observed  at  Geneva ;  during  the 
day  the  sky  had  a  dull  and  dim  appearance.  On  Auinist 
16,  the  subject  was  actively  discussed  in  the  SoctH6  de  Phy" 
Hjue  et  d^Hintoire  NatweUe,  After  the  sitting,  heat-light- 
ning illuminated  the  whole  of  the  north  horizon,  as  though 
to  put  to  the  test  the  opinions  that  had  been  advancra. 
During  the  day  the  sky  had  been  dull ;  toward  the  north  I 
had  perceived  cunudo^strahtg  about  the  horizon ;  and  after 
sunset  there  still  remained  clouds  in  the  sky.  Some  days 
after,  the  newspapers  were  filled  with  the  account  of  ravages 
caused  by  storms  m  Baden,  Wurtemberg,  and  Bavaria ;  even 
in  the  country  of  Vaud,  the  lightning  struck  several  houses. 
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If  the  newspapers  had  also  mentioned  the  storms  that  had 
occurred  in  this  neighhourhood,  without  causing  mischief 
we  might  have  seen  Uiat  there  were  some  even  closer  still. 

The  next  morning,  August  17, 1 832,  light  clouds  covered 
the  aky;  toward  mid-day  cirri  appeared,  and  the  sky  ac» 
onired  a  dull  appearance.  In  going  toward  Chamhesy  along* 
md  Lake  of  Geneva,  I  saw  very  distant  cmmdo'sirahu  at 
several  pmnts  of  the  horizon,  for  dieir  borders  were  red. 
Clouds  concealed  the  summit  of  Mont-Blanc  and  the  neigh- 
bouring mountains.  M.  Tbeodore  de  flawsmre,  with 
whom  1  passed  several  agreeable  hours,  told  me  that  for 
aome  days  the  dryness  of  the  air  had  been  extreme,  and  the 
electrical  signs  were  almost  null.  In  retumiuff  to  Geneva 
in  tiie  evening,  I  saw  lightnings  at  the  horizon  m  all  direc- 
tions; the  brilliancy  of  the  stars  was  diminidbied,  and  the 
clouds  seemed  to  have  disappeared,  although  I  had  dis- 
tinctly seen  them  a  quarter  of  an  hour  before  the  com- 
mencement of  the  lightning.  It  is  not  very  probable  that 
clouds  so  thick  as  these  were  thus  dissipated  in  a  quarter  of 
an  hour.  On  Aurast  21,  I  saw  beyond  Bex  very  vivid 
lightnings  in  the  liaut-Valais,  as  well  as  clouds,  that  I  had 
observed  during  the  day;  all  the  sky  was  illuminated^ 
even  when  I  turned  my  back  to  the  storm.  I  shall  not  add 
any  other  facts ;  for,  in  my  opinion,  it  is  certain  that  the 
so-called  heat-lightnings  are  due  to  distant  storms. 

SAINT-triiMO  FIRE8. — When  storm-clouds  are  very 
low,  there  is  frequently  no  lightning ;  the  electricity  pro- 
duced by  induction  is  so  powexful,  that  it  escapes  by  salient 
points  in  the  form  of  flames,  as  we  see  at  the  points  of  our 
electrical  machines.  This  phenomenon,  whidi  was  Imown 
to  the  ancients  under  the  name  of  Castor  and  Poitax,  haa 
been  since  named  St.  Ulmo*s  Fire.  The  ancients  relate  seve- 
ral instances  of  it,  which  Titus  Livv  ranks  among  his  pro- 
digies. Flames,  accompanied  with  a  hissing  noise,  and 
leaping  from  point  to  pomt,  had  been  seen  at  tne  extremi^ 
of  the  lances  of  soldiers  and  of  the  masts  of  ships.  St. 
Ulmo's  Fire  is  more  commonly  seen  in  winter ;  at  least,  the 
greater  part  of  the  accounts  I  have  perused  refer  to  that 
season.  The  following  account  by  M.  de  ForWn  may  fur^ 
nish  an  idea  of  this  phenomenon;  it  occurred  in  1696 : — 
**  The  sky,"  said  he,  ^^was  suddenly  covered  with  thick  clouds. 
Fearing  a  gale,  I  had  all  the  sails  reefed.  There  were  more 
than  thirty  of  St.  Ulmo^s  Fires  on  the  ship ;  one  of  them 
occupied  the  vane  of  the  mainmast,  and  was  about  five 
decimetres  long.  I  sent  a  sailor  to  fetch  it.  "When  he 
was  aloft,  he  heard  a  noise  like  that  which  is  made  when 
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mout  gunpowder  is  burned,  I  ordered  him  to  take  oft  the 
yane ;  he  had  scarcely  executed  this  order  wh»i  the  fire 
quitted  it,  and  placed  itself  at  the  apex  of  the  mainmast, 
whence  it  could  not  posnbl  j  be  removed.  It  remained  there 
for  a  long  time,  and  then  gradually  disappeared.  The  storm 
tenninat^  by  a  shower,  which  lasted  for  several  hours.** 

On  mountains  this  phenomenon  is  still  more  common 
when  electrised  clouds  pass  near  them.  De  Saassiire  saw 
it  on  the  Alps,  and  I  have  myself  also  observed  it.  Need  I 
add  that  this  flame,  notwithstanding  its  analogy  to  fire,  does 
Bot  bum  the  objects  it  touches ;  the  points  of  our  machines 
are  not  heated  even  when  the  greatest  quantity  of  electricity 
passes  through  them. 

If  there  exist  between  the  cloud  and  the  earth  other 
bodies  that  may  be  electrised  by  induction,  then  the  latter 
may  also  part  with  electricity,  which  will  be  visible  in  the 
form  of  flame.  A  shower  of  phosphorescent  snow  has  fre- 
quently been  seen  to  fall  to  the  earth ;  and,  in  this  case, 
tWe  is  always  a  strong  charee  of  electricity  in  the  air. 

We  have  now  examined  the  most  important  phenomena 
that  accompany  a  powerful  developemcntof  dectricity.  The 
observations  which  prove  their  connexion  are  still  far  from 
complete ;  and,  in  order  that  they  might  be  thoroug^ly'con-* 
vincmg,  they  must  be  repeated  continually,  and  at  different 
parts  of  the  ^lobe.  However,  it  appears  to  me  demonstrated 
that  electricity  is  not  the  cause  of  the  modifications  of  the 
atmosphere ;  and  its  most  formidable  manifestations  occur, 
because  the  electricity  liberated  by  the  precipitation  of  the 
vapour  of  water  cannot  be  neutralised  except  by  a  spark. 
A  great  many  philosophers  do  not  share  in  tnis  manner  of 
viewing  the  subject ;  but  I  should  be  carried  too  far  were 
I  willing  to  refute  their  opinions. 

HAlia. — ^From  the  origin  of  Meteorology,  a  multitude 
of  diflerent  explanations  of  this  phenomenon  have  been 
given;  and  even  now  philosophers  are  far  from  agreeing 
with  each  other.  How  are  we  to  understand  that,  during 
the  fine  season,  and  the  hottest  days,  conaderable  masses  of 
ice  fall  ?  Why  certain  countries  are  ravaged  by  hail  almost 
every  year,  whilst  adjacent  localities  are  almost  entirely 
^[MHredP  Is  hail  formed  at  a  great  height  in  the  atmo- 
sphere, or  at  a  moderate  distance  from  the  surfiioe  of  the 
earth  ?  Such  questions  as  these  have  been  often  raised,  bat 
never  solved. 

Three  species  of  hail,  founded  on  the  diflerent  sizes  of  the 
haiktones,  are  eenerally  distinguished.  Bul^  to  prove  that 
this  distinction  has  no  scientific  importance,  it  will  be  soffi- 
dent  for  me  to  observe,  that  no  attempt  has  ever  been  made 
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to  distinffuish  the  microflcopic  flakes  of  mow,  which  ocea- 
rionidly  Soot  during  winter  in  the  lower  r^ons  of  the  atmo* 
sphere  when  the  weather  is  serene,  from  the  large  flakes 
which  fall  daring  moist  weather.  Every  one  knows,  too, 
ibat  hetween  the  fine  rain  which  escapes  from  a  moist  fog 
and  the  showers  of  lai^  drops  from  a  storm-cloud  there 
are  all  imaginable  transitions. 

Very  small  hailstones  are  termed  deet.  Generally  sphe- 
rical, or  almost  spherical,  they  rarely  attain  a  diameter  of 
two  millimetres ;  though  they  may  reach  three,  or  even  four. 
Isolated  hailstones  are  opaque,  frequently  soft,  and  of  a 
whiteness  approaching  that  of  snow.  The  laigest  are  some- 
times surrounded  with  a  slight  film  of  ice ;  they  fidl  in  win- 
ter and  in  spring,  during  gusty  weather ;  they  rarely  accom- 
pany storms. 

Forms  of  Hailstombs. — True  hail  has  generally  the 
form  of  a  pear  or  of  a  mushroom,  terminated  by  a  roundish 
surface.  It  is  an  opaque  mass,  analogous  to  hardened  snow. 
The  large  hailstones  are  surrounded  by  a  thick  coat  of  ice, 
and  are  composed  of  alternate  layers  of  snow  and  ice.  No 
observer  has  seen  hailstones  formed  of  transj^arent  ice ;  all 
make  mention  of  a  snowy  nucleus.  The  grains  frequently 
resemble  spherical  pyramids  or  pyramids  with  three  faces, 
terminated  by  a  base,  that  is  a  portion  of  a  sphere.  Thus 
MM.  Deleroa,  fio%wwrm,th,  and  other  observers,  think  that 
the  primitive  form  of  hail  is  a  sphere  that  breaks  to  pieoes 
in  falling.*  I  think,  however,  that  the  pyramidal  form  is 
the  primitive  form  of  hail ;  for  the  nuclei  of  snow,  sur- 

*  Dbscabtss  pat  forth  analogoiis  ideu  on  this  lubject.  We  read  u  fbl- 
lows  in  his  sixth  Diseourt  ntr  Us  MH{ore$ :— **  That  if  the  soow  is  not  yet 
BO  melted,  but  merely  a  little  wanned  and  softened  when  the  cold  wind  that 
oonTerts  it  into  hail  arriTes,  it  will  not  become  entirely  transparent,  bat 
remains  white  lilce  sugar.  And,  if  the  flakes  of  snow  are  sufflclently  small, 
as  the  sise  of  a  pea  or  less,  each  is  converted  into  a  tolerably  round  hail- 
stone ;  but,  if  they  are  larger,  they  melt  and  dlTide  Into  several  hailstones, 
all  pointed,  and  in  the  form  of  pyramids.  For  the  heat  that  retires  into  the 
pores  of  these  flakes,  at  the  moment  when  the  oold  wind  begins  to  surround 
them,  condenses  and  presses  together  all  their  parts,  acting  from  their  cir- 
cumferences toward  their  centres,  which  makes  them  become  very  round; 
and  the  cold,  penetrating  them  Immediately  after,  and  freexing  them,  ren* 
ders  them  much  harder  than  snow.  And  becaose,  when  they  are  somewhat 
large,  the  heat  they  contain  within  still  continues  to  make  their  interior 
parts  press  together  and  condense,  by  always  acting  toward  the  centre,  after 
thsir  outer  sui-faces  are  to  hardened  and  conoealed  by  the  cold  that  they 
c  innot  follow,  it  is  a  necessary  consequence  that  they  must  break  wlthii^ 
along  plains  in  straight  lines  tending  toward  the  centre,  and  that  the  cracks 
shall  increase  the  more,  in  pronortion  as  the  oold  penetrates  more  onward; 
Anally,  they  burst,  and  are  dinded  Into  ssTeral  pointed  pieces,  which  are  so 
many  hailstones.'* 

IIM.  Elu  db  Bbaumont,  Visut  and  Aisr,  hare  also  obsenred  taafl* 
stones  having  the  forms  of  a  spherical  pyramid.  They  assign  to  them  the 
same  probable  origin  as  Dncaarashad  previously  mentioned  (Vide  Cbn^pter 
rendits  4e  I'Aeai,  da  Sdencet,  t.  iv.  pp.  749, 801,  and  92S).~M. 
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rounded  by  a  stratum  of  ice,  frequently  present  this  appear- 
ance ;  and,  on  the  Alps,  I  have  found  that  sleet  generally 
affects  this  form.  Grains  of  sleet  form  the  centre  of  hail- 
stones ;  and  I  think,  with  de  Saussure,  that  sleet  is  changed 
into  hailstones,  as  it  descends  in  the  atmosphere,  in  conse- 
quence of  the  addition  of  new  layers  of  ice. 

Hailstones  formed  of  transparent  ice  are  rain-drops,  fall* 
ing  from  clouds,  brought  by  south  winds,  which  freeze  in 
traversing  cold  strata  of  air  m  contact  with  the  earth. 

Size  of  Hailstones. — ^It  is  often  very  notable ;  but  we 
should  inquire  whether  the  masses  mentioned  in  authors  are 
not  due  to  the  agglomeration  of  a  great  number  of  hail- 
stones which  have  united  in  falling.  Every  year  we  find 
accounts  in  the  newspapers  of  enormous  hailstones  that 
have  fallen  in  various  places.  Let  it  suffice  to  mention  a  few 
instances.  April  29,  1697,  according  to  Halley,  there  were 
picked  up,  in  Flintshire,  hailstones  weighing  120  to  130 
grammes ;  and  May  4,  of  the  same  year,  Taylor  measured 
some  hailstones,  in  Staffordshire,  that  were  three  decimetres 
in  circumference.  Parent  assures  us,  that  on  May  15, 1703, 
hailstones  were  found  at  Perche  as  large  as  the  fist.  Mon- 
tlsnot  and  nresaan  collected  some  at  Toul,  July  13,  1753, 
the  form  of  which  was  that  of  irregular  polyhedrons,  and 
the  diameter  eight  centimetres.  Musseiienbroack  ob- 
served at  Utrecht,  in  1736,  a  heavy  hail-storm,  of  which  all 
the  hailstones  were  as  large  as  a  pigeon*s  ^g;  some,  formed 
by  the  agglomeration  of  several  others,  were  as  large  as  a 
hen*s  effff.  In  North  America,  according  to  Olmsted,  hail- 
stones nul  every  vear  larger  than  hens*  ef^.  May  7,  1822, 
No«crarath  collected  hailstones,  the  weight  of  which  was 
1 90  grammes.  In  1 8 1 1 ,  Muncke  found,  in  Hanover,  a  mtit 
numoer  of  hailstones,  weighing  120  grammes.  In  a  hail- 
storm, that  committed  flpreat  ravages  on  tlie  banks  of  the 
Kile,  August  13, 1832,  tne  heaviest  hailstone  found  by  Vo- 
yet  at  Ginsberg  weighed  ninetv  grammes ;  at  Bandierath, 
in  the  district  of  Geilenkirchen,  the  hailstones  weighed  from 
120  to  240  grammes;  some  are  said  to  have  been  picked  up 
weighing  500  nammes.  At  Elberfeld,  the  hailstones  were 
as  &rge  as  a  hen*s  e^.  DurinR  a  hail-storm,  October  5, 
1831,  masses  of  Uie  size  of  the  nst  fell  at  Constantinople. 
Ilalf-an-hour  afterwards  some  weighed  as  much  as  500 
grammes.  Analogous  masses  are  mentioned  as  havine  been 
picked  up  in  the  end  of  the  month  of  May  1821,  at  Fales- 
trina  in  the  Roman  States.  Add  to  this,  June  15,  1829, 
the  hail  beat  in  the  roofs  of  the  houses  at  Cazorta  in  Spain ; 
the  blocks  of  ioe  are  reported  to  have  weighed  two  kilo- 
grammes.   It  is  probable  that  they  were  agglutinated  hail- 
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stones ;  we  cannot  doubt  this  in  regard  to  a  mass  that  fell  in 
Hungary,  Mblj  8,  1832,  which  was  one  metre  in  length 
and  width,  and  seven  decimetres  in  length.  Another  block, 
equally  large,  fell  near  Seringapatam  about  the  end  of  the 
reign  of  Tlppoo  Saib. 

Kclics  of  straw  have  sometimes  been  found  within  hail- 
stones; and,  in  Iceland,  volcanic  ashes  have  been  found. 
Much  has  been  said  also  of  hailstones  containing  sulphuret 
of  iron  and  hydrated  oxydes  of  iron ;  but  the  mformatioa 
collected  at  Orenburg  by  M.  Oastave  Rose  would  tend  to 
induce  our  belief  that  this  assertion  is  controverted. 

SPOCHS  OF  HAlliSTONBS. — It  is  generally  admitted 
that  it  only  hails  during  the  day.  To  test  this  assertion,  I 
have  collected  together  the  dates  of  all  the  hail-storms  in 
Germany  and  Svritzerland  that  have  happened  within  mj 
knowleqy^e,  and  have  constructed  the  following  table : — 

SEASONS  AHD  HOUItS  OF  HATL-SHOWESS. 


1  HOUE8. 

WINTBB. 

8PBIHO. 

SUMHEB. 

AVTUMir. 

TEAES. 

Koon. 

1 

8 

10 

5 

24 

1 

4 

18 

8 

6 

36 

2 

10 

38 

15 

13 

78 

3 

4 

19 

11 

8 

42 

4 

5 

14 

17 

1 

37 

5 

4 

16 

13 

3 

36 

6 

1 

9 

8 

5 

23 

7 

1 

6 

10 

•  • 

17 

8 

1 

3 

3 

4 

11 

9 

2 

18 

6 

3 

29 

10 

3 

2 

3 

1 

9 

U 

1 

■  • 

1 

2 

Midnight 

• . 

2 

2 

13 

• » 

1 

•  • 

1 

14 

•  • 

2 

•  • 

2 

15 

•  • 

•  • 

1 

1 

16 

1 

•  a 

•  • 

1 

17 

2 

2 

•  • 

1 

5 

18 

1 

1 

•  • 

•  ■ 

2 

19 

7 

13 

3 

6 

29 

20 

4 

3 

1 

2 

10 

21 

3 

6 

2 

•  ■ 

11 

22 

2 

8 

3 

1 

14 

" 

1 

10 

4 

5 

20 

{Vide  Appendix,^. 41.) 
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This  table  shews,  that  hail  falls  at  all  hours  of  the  day ; 
but  that  it  falls  more  commonly  about  mid-day  or  soon 
after,  at  the  moment  of  the  g^reatest  diurnal  heat.  The 
mimbers  then  diminish  in  a  very  regular  manner ;  but  at 
the  hours  nine  and  nineteen  they  are  greatest,  which  might 
be  supposed  cL  priori. 

These  figures,  it  is  true,  are  borrowed  from  the  JEph^rn^^ 
rides  de  Marmkeim,  and  the  hours  indicated  are  those  at 
which  the  instruments  are  obserred.  It  is  probable  that 
the  hail  whicii  fell  in  the  intervals  was  registered  at  the 
time  when  the  instruments  were  observed.  The  exact  mo- 
ment is  only  mentioned  in  those  cases  where  the  hail-storm 
oecnrred  several  hours  before. 

Nocturnal  hail  is  not  very  uncommon.  I  have  related 
a  great  many  instances  in  my  Treatise  on  MeteoroU^. 

HAIIt  IN  THB  DirrBRBMT  BBASOMfl.— HaO,  like 

rain  and  storms,  does  not  occur  with  e^ual  frequency  in  all 
■eaaons.  Associating  with  it  sleet,  which  does  not  sensibly 
^fEer  from  hail,  we  find  that,  in  Europe,  it  is  less  common 
as  we  recede  from  the  sea-coasts.  Representing  the  number 
of  times  it  hails  in  a  year  b^  100,  we  find  for  the  different 
seasons  the  following  proportional  numbers : — 
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England    . 
Fnuice  .    . 
Germany   . 
Russia   .    . 

WINTER. 

SPBIHG. 

SUBOfSB. 

▲DTUMH. 

45,5 

32,8 

10,3 

9,9 

29,5 
39,4 
46,7 
35,5 

3,0 

7,0 

29,4 

50,6 

22,0 

20,7 
13,6 
13,0 

(Vide  Appendix,^.  42.) 

Thus,  in  Eng^d,  sleet  or  hail  principally  falls  in  winter; 
and  the  number  of  summer  hail-storms  is  relatively  veiy 
smaU.  In  France,  the  sleet,  known  by  the  name  ofgiboulSeSf 
is  very  frequent  in  spring.  In  summer  the  number  in- 
ereaaes ;  and,  in  the  interior  of  Europe,  half  the  total  num- 
ber of  showers  of  hail  occurs  in  summer. 


OF    HAIIi  IN   THB    HIOHER   RBOIOMS  OF 

ATM 08PRSRB. — It  would  be  very  interesting  to  the  his- 
tory  of  this  meteor  to  compare  observations  comprising  seve- 
ral years  and  made  in  neighbouring  localities ;  K>r  there  are 
countries  that  are  frequently  ravaged  by  hail,  whilst  this  ia 
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rarely  the  &te  of  other  neighbouring  countries.  Thug, 
Sckeudiser  affirms  that,  in  the  Swiss  valleys,  which  run  east 
and  west,  as  Le  VaUals  and  that  of  Glanis,  twenty  years 
sometimes  elapse  without  hail.  More  recently,  M.  de  Bmth 
has  said,  that  nail  is  rare  in  all  the  valleys  where  the  f^oitre 
and  the  cretins  are  observed ;  but,  at  the  opening  of  these 
valleys,  where  the^  are  confounded  with  the  country  called 
the  plain,  in  opposition  to  the  High  Alps,  hail  is  very  com- 
mon. Thus,  Bbrgofranco,  at  the  mouth  of  the  valley  of 
Aosta,  is  devastated  by  hail  almost  every  year:  and  de 
Sanssore  had  long  ago  remarked,  that  countries  situated 
within  a  certain  distance  from  high  mountains  are  afflicted 
with  this  scourse  more  frequently  than  those  placed  at 
the  foot  of  the  Alps  or  at  a  ^eat  di^ance  from  these  moun* 
tains.  M.  de  Buck  also  beheves  that  hail  is  not  so  common 
in  high  r^ons.  At  Greasier,  above  the  lake  of  Neuch&tel, 
the  vines  are  often  beaten  down  with  hail.  In  the  villue 
of  Ligni^res,  which  is  390  metres  above,  rain  fidls,  whim 
hail  ja  ravaging  the  vineyards  on  the  shores  of  the  lake. 
During  the  summer,  storms  come  out  horn  the  valley  of 
Travers,  and  dischaise  themselves  in  the  form  of  rain  in  the 
elevated  regions,  and  of  hail  in  the  lower  countries.  Near 
Clermont  in  Auvergne,  at  the  foot  of  the  mountains,  storms 
are  freouent,  and  they  are  always  accompanied  by  hail. 
The  villages  of  Blanzat,  Ch&teangue,  and  Sayat,  appear  to 
be  condemned  annually  to  these  ravages.  On  tne  other 
hand,  M.  de  Bavtcne,  cur6  at  Vemet  in  the  mountain, 
affirms  that  these  showers  are  rare  between  Mont-Dore  and 
Puy-de-D6me,  and  that  he  has  seen  hail  fall  but  once  in 
twenty-three  years.  This  re^on  is  not  far  from  the  vil- 
lages that  we  have  named;  it  is  merely  situated  400  metres 
higher. 

These  observations,  which  would  seem  to  establish  a  pre- 
sumption that  hail  is  formed,  or  increases  in  the  lower 
r^ons  of  the  atmosphere,  are  difficult  of  explanation.  We 
should  not  forget  tnat  these  notices  reach  us  from  culti- 
vators who  merely  remark  the  hail-storms  that  diminish 
their  harvests,  and  make  no  mention  of  the  rest  Local 
circumstances  must  have  a  great  influence  over  the  fre- 
quency of  hail.  If  the  clouds  are  arrested  by  a  chain  of 
mountains,  hail  is  more  common.  Some  observers  have 
very  frequently  seen  it  fall  in  elevated  regions;  the 
following  are  some  examples : — 

De  Savmrare,  during  his  stay  of  thirteen  days  on  the 
Col  de  Geant,  at  the  height  of  3428  metres,  vras  struck  with 
the  frequency  of  hail  and  sleet,  which  he  observed  eleven 
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tunes.    Balmat  experienced  a  shower  of  hail  during  the 
night  that  he*  passed  on  the  summit  of  Mont-Blanc ;  and 
Paceard  found  much  hail  heneath  the  snow  with  which  the. 
summit  is  covered.    Da  Saoasture  hence  concluded  that 
sleet  is  formed  in  the  highest  regions  of  the  atmosphere, 
and  that  it  is  transformed  into  hul  during  its  fall.    Znm- 
atain,  in  his  ascent  of  Mont-Bose,  June  12,  1822,  expe« 
rienced  it  at  the  height  of  4550  metres ;  and  "Welden  sajns 
that  rains  in  the  plams  are  hail  or  sleet  in  the  mountains. 
The  same  observations  apply  to  Glarus.    The  shepherd, 
Heer^  at  Matt,  has  assured  me  that  the  pasturages  of  the 
High  Alps  were  frequently  covered  with  nail ;  and  his  son, 
Oswald  Hear,  communicated  to  me  the  following  accounts : 
^  I  was  with  some  friends  on  the  glaciers  of  Glaemisch,  at 
about  2000  metres  above  the  sea :  suddenlv,  a  black  cloud, 
coming  from  the  east,  deprived  us  of  the  signt  of  Bachistock, 
which  rises  in  the  neighbourhood.    Soon  afterwards,  several 
formidable  claps  of  thunder  re-echoed  among  the  mountains 
of  Glaemisch,  and  we  saw  several  hailstones  fall.     We 
descended  rapidly  about  300  metres  before  the  cloud  burst. 
We  were  surrounded  with  lightning  and  thunder,  and 
inundated  with  hail  and  rain.    We  took  refuge  under  a 
rock ;  the  clouds  soon  rose  in  the  west,  and  formed  a  semi- 
circle, beneath  which  we  saw  the  country  of  Uri,  lighted  up 
by  the  rays  of  the  sun.    On  coming  out  from  our  retreat, 
we  perceived  a  second  doud,  which  soon  burst  over  our 
head  with  a  terrible  crash.    Hail,  mixed  with  rain,  followed 
us  for  several  hours.    Some  cabins,  constructed  by  shep- 
herds, offered  us  an  asylum,  where  we  passed  the  night,    in 
the  valley  of  Serutti,  at  the  foot  of  Glaemisch,  at  715 
metres  above  the  sea,  as  also  at  Glarus  (468  metres),  no* 
lain  fell,  but  it  hailed  in  the  whole  mass  of  Glaemisch.    I 
regard  our  Alps  as  being  excellent  paragreles.     In  the 
plains,  it  hails  frequently;  but  in  the  valleys,  at  Matt,  for 
instance,  hail  is  very  rare:  on  the  contrary,  it  frequently 
falls  on  the  summits.    At  some  Alpine  pasturages  above  ^ 
Ammon,  near  the  lake  of  Wallemstadt,  they  say  that  hail 
occurs  several  times  during  every  summer." 

These  observations  seem  to  prove  that  hail,  or,  at  least, 
sleet,  fre<juentlv  falls  in  the  Alps,  whilst  it  rains  in  the 
plain ;  this  evidently  arises  from  the  melting  of  the  hail- 
stones before  they  reach  the  plain.  M.  de  Oliarpantler,  at 
Bex,  entirely  flliares  in  this  opinion.  He  regards  the  larger 
drops  of  rain  that  so  frequently  fall  during  storms  as  melted 
hailstones.  Although  hail  rarely  faUs  at  Bex,  the  moun- 
tains in  its  neighbourhood  are  frequently  covered  with  a 
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bed  ftf  hail  that  is  readily  distinguished  from  the  snow,  bj 
its  less  brilliant  white  tint.  On  the  Faulhofn,  and  on  the 
Bigi,  I  have  frequently  seen  sleet  or  hail  fell,  whilst  it  mm 
raining  in  the  plain.  On  the  south  summit  of  the  Bagn^reSi 
about  2924  metres  high,  »Mnanil  experienced  a  heavy 
shower  of  hail,  followed  by  sleet  and  snow,  which  coveied 
the  mountain  to  about  200  metres  below  the  summit; 
During  his  geodesic  operations  in  the  Pyrenees,  M.  P«ytln 
was  frequently  interrupted  by  hail. 

On  examining  meteorological  registers  kept  in  the  Alps 
and  their  environs,  we  see  wat  hail  is  no  uncommon  phe- 
nomenon in  these  mountains.  The  following  are  a  few 
from  among  a  great  number  of  fects  borrowed  from  the 
JSphemSrides  de  Mcmnkeim, 

On  the  10th  and  3l8t  of  May,  and  the  9th  of  August, 
1782,  there  were  storms  and  hail  in  Bavaria,  and  snow  on 
Mount  St.  Gothard.  The  26th  and  27th  of  May,  1783, 
there  was  a  storm  and  hail  in  Bavaria,  and  hail  on  Mount 
St  Gothard,  when  the  thermometer  was  still  below  aerOi 
at  7  A.M.  The  10th  of  August,  hail  in  several  countries ; 
on  the  St.  Gothard  the  thermometer  did  not  rise  above 
freezing  point.  Snow.  August  23d,  the  same  phenomena* 
May  29tn,  1787,  storm  and  hail  all  day  at  Padua;  snow  <m 
St.  Bernard  and  Monte-Baldo.  May  27th,  same  thing  at 
Geneva  and  on  St.  Gothard.  June  7th,  1789,  hail  in  the 
north  of  Italy;  snow  on  the  Alps.  Same  phenomena  on 
the  last  days  of  June,  the  14th  of  July,  1790,  and  the  28th 
of  July,  1792.* 

HAili  BBTWSBN  THB  TROPiCS.*>-It  is  very  nune, 
and  altogether  unknown  at  Cumana.  The  hail  which  fell 
at  Martinique  in  1721,  according  to  Cbanvallony  excited 
the  greatest  astonishment.  DenlianL  and  Clapp«rtoa  saw 
hail  fall  in  the  interior  of  the  African  continent.  At  Tatt% 
near  the  mouth  of  the  Indus,  Bumea  experienced  a  hail- 
storm; and  he  saw  hailstones  fall  near  Peschawer  of  th« 
size  of  bullets. 

At  uOO  or  600  metres  higher,  hail  becomes  more  common, 
according  to  the  observations  of  MM.  de  Humboldt,  at  Onr 

*  From  the  27th  to  the  31at  of  July,  1842,  the  weather  was  tMDpeatuow 
and  very  variable  on  the  Faulhom.  Daring  the  days  of  the  27th  and  30th, 
M.  pKLTtsa  obeenred  at  least  twenty  alternations  of  snow  and  sleet  on  each  tk 
these  days.  Every  time  that  the  cloud  or  fog  enTeloping  the  moantaUis  wis 
white,  the  electricity  was  power Ailly  positive,  and  snow  fell  in  abundance. 
This  cloud  was  soon  followed  by  a  grey  cloud  that  gave  forth  sleet,  and  th« 
electricity  of  which  had  so  great  a  negatiTe  tension,  that  no  inttrumeats 
could  measure  it.  M.  Pxltixk  thinks  that  sleet  must  be  regarded  aa distinct 
Arom  the  true  haO,  which  falls  in  the  plains,  and  which  always  has  aaperiUee. 
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raccas ;  Penttaad,  in  Pern ;  de  Heyne,  at  Mygora ;  Bnc% 
and  Sttpp«ly  at  Habesch.  Moreover,  on  the  17th  of  Augmt, 
1830,  so  abundant  a  &U  of  hail  occurred  in  Mexico,  that,  in 
the  streets  of  the  city,  the  horses  were  knee-deep.  Thns^ 
then,  if  rain  is  so  rare  in  the  plains,  it  is  because  the  hail* 
stones  melt  during  their  fall. 

NOlflS  inuxiNa  HAIL — Some  ancient  authors,  such 
as  Arlstotitt  and  liucretiiui,  have  said  that  a  very  loud 
noise  is  heard  when  a  cloud  charged  with  hail  approadies 
the  zenith.  Modem  observers  have  c<mfinned  tnis  asser- 
tion. This  noise  is  neither  that  of  a  tempest,  nor  yet  tiie 
rolling  of  thunder ;  it  is  sometimes  so  loud  that  it  drowns 
that  of  thunder.  Tessier  says  that  he  observed  this  in 
France,  on  July  13th,  1788 ;  and  Kalm  observed  it  at 
Moscow,  April  3(Hh,  1744.  ThUnmnaan  asserts  that  he 
never  heara  this  noise  before  the  fall  of  hail ;  others  affirm 
the  contrary.  It  is  probably  either  due  to  the  hailstones 
beating  against  each  other,  or  to  the  conflict  of  contrary 
winds;  the  latter  are  often  so  violent,  that  the  hailstones 
are  transported  in  a  horizontal  direction.  It  is  often  ob- 
served that  the  wind  blows  in  pufis,  and  that  each  of  them 
k  accompanied  by  a  torrent  of  hail.  If  the  hail  falls  as 
usual  at  intervals,  we  see  that  hailstones,  which  are  at  first 
driven  horizontally,  finally  mingle  with  the  drops  of  rain ; 
in  the  end,  there  is  nothing  but  rain ;  the  drops  of  which  fiill 
vertically  to  the  surface  of  the  soil.* 

MAmOH    OF    flTORM-CIiOVDS    CHARGSD   WITH 

HAIL.  —  It  is  frequently  observed  that,  notwithstanding 
their  violence,  and  the  storm  which  accompanies  them, 
showers  of  hail  are  circumscribed  by  a  very  limited  space. 
At  a  few  myrtametres  from  the  place  where  the  hail  has 
fidlen,  not  even  wind  has  been  felt.  The  hail  frequently 
covers  a  long  and  narrow  belt.  MvssclM&broeck  has  men- 
tioned this  circumstance,  and  the  limited  number  of  com- 
plete descriptions  in  our  possession  confirms  this  idea.  A 
storm  of  hail  that  occurred  in  the  Orcades,  July  24,  1818, 
was  of  this  kind.  The  storm  of  Auffust  1 3, 1 832,  came  from 
HollttDd ;  it  traversed  the  Meuse,  and  destroj^ed  all  the  crops 
alouff  the  Rhine  for  a  space  of  9  or  10  myriametres,  with  a 
width  of  from  1  to  U  myriametres.  A  storm,  described  by 
M.  Tttssler,  made  a  great  impression  on  the  mind.  It 
commenced  in  the  morning  in  tne  south  of  France,  and  in 

•  At  the  appitMeh  of  a  stonn,  while  M.  Psltieb  ww  at  Bam,  in  the  d*. 
partment  ot  Ia  Somme,  he  heard  lo  loud  a  noiie,  that  he  thooght  a  iqiiadroa 
of  caralry  had  arrived  tall  gallop  on  the  Plaeir  of  the  town,  it  wai  nothing ; 
but,  twenty  aeconda  afterwards,  a  terrible  bail-storm  fell  on  thlB  town.— M. 
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a  few  hours  reached  Holland.  The  places  destroyed  by  the 
hail  formed  two  parallel  lines  from  8.W.  to  N.£  ;  one  was 
70  and  the  other  80  myriametres  long.  The  mean  width  of 
the  west  line  was  16,  and  that  of  the  east  line  8  kilometres. 
The  space  comprised  between  the  two  lines,  the  width  of 
which  was  2  myriametres,  was  spared ;  there  merely  fell  a 
heavy  rain.  It  also  rained  much  on  the  east  and  the  west 
of  the  two  lines.  The  storm  was  preceded  by  an  obscuratioiL 
of  the  lieht  of  day ;  it  travellea  about  66  kilometres  per 
hour,  and  its  velocity  was  the  same  in  both  the  zones.  In 
tiie  west  zone  the  hail  fell  at  La  Rochelle,  after  a  storm  that 
had  lasted  all  the  night ;  at  17>*  30",  in  Touraine,  near  Loches; 
at  18i>  30»,  near  Chartres ;  at  191*  30»,  at  Bambouillet ;  at  20'',  at 
Pontoise;  at  20^  30'°,  at  Clermont,  in  Beauvoisis;  at  2 1^  at 
Douai ;  at  23**,  at  Courtrai;  at  O^"  30»,  and  at  Flessingue,  about 
lb  30».  In  the  west  zone,  the  storm  reached  Artenay,  near 
Orleans,  at  19"  30°* ;  Andouville,  in  La  Beauce,  about  20** ;  the 
Faubourg  St  Antoine,  Paris,  20i>  30" ;  Crespy,  in  Yalois,  about 
21^  30» ;  Cateau-Cambresis,  23*' ;  Utrecht,  2>>  30o.  At  each 
place  the  hail  only  fell  for  seven  or  eight  minutes,  but  with 
so  much  violence,  that  all  the  harvests  were  cut  to  pieces. 
Of  all  the  great  hail-storms,  there  is  not  one  of  which  we 
have  such  exact  information,  and  yet  it  is  still  insufficient ; 
thus  the  direction  of  the  wind,  and  that  of  the  clouds  before 
and  after  the  storms,  and  on  the  two  sides  of  the  space  where 
the  hail  fell,  have  not  been  pointed  out. 

ATMOSPHERIC  PRE88URB  DURING  HAIIi.— Du 

Oarla  was  the  first  to  say  that  hail  was  entirely  a  local 
phenomenon.  M.  de  Bncb  is  of  the  same  opinion.  But, 
though  the  fall  of  hailstones  be  local,  the  storms  and  rain 
by  which  they  are  attended  are  not  so.  It  follows,  from  all 
the  descriptions  of  hail  in  our  possession,  that  it  must  be 
attributed  to  the  mutual  conflict  of  north  and  south  winds, 
and  that,  at  the  point  where  the  shock  is  most  violent,  there 
is  the  greatest  fall  of  hail.  The  state  of  the  barometer 
proves  this.  I  have  extracted  from  the  Sphemirides  of 
Mannheim  the  seventeen  heaviest  hail-storms  that  have  oc- 
curred in  south  Germany,  and  have  compared  them  with 
the  height  of  the  barometer.  In  three  cases  the  barometer 
rose  from  the  evening  before  until  the  time  when  the  hail 
fell;  but  the  maximum  of  this  rise  was  l"**".  In  all 
other  cases  it  fell ;  and  the  mean  of  the  seventeen  cases 
eave  a  fall  of  2'»»S5.  From  the  day  of  hail  to  the  followin^^ 
oav,  it  remained  stationary  in  three  cases :  in  two  others  it 
fell  beyond  V^^fi ;  in  all  other  cases  it  rose,  but  never  more 
than  2°"",86.    We  should  conclude,  from  these  oscillations^ 
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that  hail  is  brought  by  south  winds  entering  into  conflic 
with  those  from  tne  north. 

This  explains  to  us  a  fact  that  would  remain  altogether 
incomprehensible  were  hail  to  be  regarded  as  an  entirely 
locsd  phenomenon.  It  is  often  observed  that,  after  hail,  the 
weather  remains  unsettled  for  whole  weeks ;  in  particular, 
it  is  followed  by  cold.  But,  as  the  hail  itself  is  produced  by 
the  conflict  of  two  opposite  winds,  that  which  drives  the 
other  back  changes  the  weather  for  a  long  time.  The  rise  of 
the  barometer  proves  that  the  north  wind  usually  obtains 
the  predominance ;  and  the  more  so,  as  in  melting  the  hail 
absorbs  a  very  notable  quantity  of  heat 

We  are  the  more  struck  by  this  contrast,  because  hail  is 
frequently  preceded  by  great  heat.  At  a  mean,  the  tempe- 
rature observed  during  hail-storms  at  Geneva,  Munich,  and 
Padua,  during  the  snace  of  six  years,  was  higher  than  20^ 
at  about  two  p.m.  Once  it  even  rose  to  30°.  A  short  time 
afterwards  the  hail  fell.  Whence,  it  may  be  asked,  does 
this  very  low  temperature  originate,  so  as  to  produce  such 
large  masses  of  ice ;  for  a  rigorous  calculation  apparently 
shews  that  the  cold  of  the  higher  regions  cannot  be  very 
intense  ?  We  must  in  fact  ascend  about  195  metres,  in  order 
that  the  temperature  may  fall  1^ ;  and,  consequently,  if  the 
heat  is  only  20°  in  the  plain,  it  is  not  until  the  helcht  of 
3900  metres  that  a  freezing  temperature  will  be  found. 
Now,  storm-clouds  being  frequently  much  lower,  we  do  not 
comprehend  how  hailstones  can  be  formed  at  this  elevation. 
But,  if  we  had  studied  more  carefully  the  decrease  of  tem- 

Eerature  during  the  time  of  hail,  we  should  find  that  this 
ieh  temperature  is  limited  to  the  lower  zones  of  the  atmo- 
spnere,  whilst  those  above  are  much  colder.  Out  of  six 
hail-storms  that  occurred  at  Padua  during  the  summer 
months,  the  mean  temperature  on  St.  Gothara^  at  two  p.m. 
was  only  3°,5,  that  is,  several  degrees  below  the  mean  of  the 
month.  Several  times  during  the  afternoon  the  thermo- 
meter fell  below  zero,  and,  in  the  evening,  it  frequently  fell 
6^  below  the  freezing  point.  It  never  rose  above  9"^.  If 
we  inquire  how  high  we  ought  to  ascend  in  order  to  have  a 
ikll  of  1^  in  the  temperature,  we  find  for  the  afternoon : — 

Geneva  and  St.  Gothard     ....    114'°,4 

Padua  and  St.  Gothard 114,4 

Munich  and  St.  Gothard     .    .    .    .    Ill  ,2 


Mean lld^S 

s 
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Sometimes  the  decrease  of  temperatare  is  still  move 
rapid ;  thus,  on  June  27,  1790,  the  thermometer  at  Munich 
was  at  26%5 ;  on  St.  Gothard,  it  stood  at  5^1 ;  and  the 
decrease  of  temperature  was  1®  for  73  metres.  On  the 
hottest  day  of  hail  at  Fadua,  the  temperature  was  29°,4 ;  an 
8t.  Gothard,  5°,8,  which  gives  a  decrease  of  1°  for  87*,8. 
On  this  day,  at  a  mean,  the  teiBperature  of  zero  was  found 
at  the  heiglrt  of  2600  metres,  xlie  same  day,  there  would 
prevail,  at  the  height  of  3900  metres,  a  temperature  of 
— 9^  and  at  5850,  that  of  — 26°,5,  niunbers  whidi  differ 
greatly  from  those  generally  adopted. 

VOiiTA'B  THEORY  OF  HAlli  — This  theory  being 
the  only  one  that  includes  ndl  the  drcumstances  of  the  phe- 
nomenon, I  will  give  it  at  some  length.  In  order  to  explain 
liow  hail  can  be  formed  below  the  re^on  of  eternal  snows, 
and  during  the  hottest  season,  he  admits  that  it  is  due ;  Ist, 
to  evaporation  favoured  by  the  solar  rays  striking  the  upper 
part  of  the  doud ;  2d,  to  the  drvness  of  the  air  above,  and 
which  de  Banacttre  and  Delnc  have  repeatedly  established; 
and  then  to  the  tendency  of  vesicles  of  vapour  to  pass  into 
the  elastic  state,  since  they  repel  each  other ;  3d,  and  then 
to  the  electric  state  of  the  clouds,  which,  he  says,  favours 
evaporation.  The  dryness  of  the  air  above  the  clouds  is  aa 
essential  condition  to  the  formation  of  hail ;  but  for  Hua  tiie 
elastic  vapour  condenses  as  fast  as  it  is  formed,  and,  disen- 
gaging a  quantity  of  latent  heat,  the  cooling  is  not  so  in* 
taise.  Volta,  moreover,  admits  the  condition  that  the  son 
atrikes  the  upper  surface  of  the  cloud,  and  this  way  ex- 
plains why  hail  almost  always  falls  during  the  day.  Under 
these  influences  flakes  of  snow  are  form^  which  are  as  it 
were  the  embiyo  of  hailstones.  In  order  to  explain  their 
increase,  he  admits  the  necessary  existence  of  two  super- 
posed clouds ;  the  upper  cloud  is  formed  by  the  condensa- 
tion of  the  vapours  proceeding  from  the  lower  stratum. 
The  two  strata  are  chared  wini  the  opposite  electricities ; 
the  higher  becomes  positive,  and  the  lower,  whose  particles 
are  undergoing  evaTOration,  becomes  negative.  To  explaiii 
the  formation  of  hailstones,  Votta  relies  on  the  well-known 
experiment  of  the  dancing  fibres.  We  know,  indeed,  that 
if  a  copper  plate  is  fixed  horizontally  to  the  conductor  of  an 
electrical  machkie,-  and  at  some  distance  another  plate  is 
placed  in  connexion  with  the  earth,  light  bodies  between 
the  two  plates,  being  alternately  attracted  and  repelled, 
dart  continually  from  om  opiate  to  the  other.  According  to 
Volta,  the  same  thing  happens  between  the  storm-clouds. 
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The  mow-flflkes  of  the  lower  Btratom  of  doudf  are  in  the 
same  electrical  condition  with  it ;  Aey  are,  therefore,  repelled, 
and  attracted  by  the  upper  stratum.  Ab  soon  as  they  touch 
it,  they  partake  of  its  electricity,  are  repelled,  and  ikll  to 
the  lower  cloud  into  which  they  penetrate ;  they  are  again 
repelled,  and  so  on.  These  attractions  and  repulsions  may 
last  for  several  hours ;  during  which  time  the  grains  unita 
m  masses,  and  condense  around  them  the  surrounding  ya^ 
pours,  which  they  convert  into  ice.  They  strike  against 
each  other;  and  hence  originates  that  noise,  which  accord- 
ing to  the  account  of  some  observers,  precedes  storm-clouda. 
when  the  hailstones  have  attained  a  certain  sice,  the  lower 
chmd  can  no  longer  retain  them  and  resist  the  action  of 
gravity ;  they  traverse  the  stratum,  and  fall  to  the  earth. 

Notwithstanding  the  favour  with  which  this  theory 
was  adopted,  it  met  with  several  who  doubted  its  truth. 
Wnthtk,  in  {Mrticular,  remarked  how  improbable  it  waa 
that  evaporation  alone  could  produce  so  great  a  degree  of 
cold  in  full  sunshine ;  then  affain,  how  could  it  be  credited 
that  the  hailstones  which  fell  from  the  upper  cloud  could 
be  retained  by  the  lower,  and  not  pass  through  it,  by  virtue 
of  the  velocity  ihejr  had  acquired  r  If  it  is  unlikely  that  the 
formation  of  hail  is  due  to  electricity,  we  can  comprehend 
the  inutility  of  paragrelea,  which  are  tall  posts  erected  for 
drawing  off  the  electricity  of  the  atmosphere,  and  opposing 
the  formation  of  hailstones.  Axe  not  forests  a  collection  of 
hrmg paragrUeg  ;^  and  yet  they  are  not  spared  by  hail  ? 

FORMATION  OF  SXiBBT.— This  IB  more  easily  ex- 
plained, because  it  is  more  commonly  observed  in  the  cold 
season.  At  a  small  height  in  the  atmosf^ere  the  tempera- 
ture must  be  below  zero.  Sleet  always  falls  during  galeSy 
and  when  the  weather  is  variable.  Even  when  the  air  is 
quiet  on  the  surface  of  the  earth,  we  see  that  the  clouda 
move  rapidly,  and  that  there  is  wind  in  the  higher  r^ona 
of  the  atmosphere.  I  consider  these  gusts  as  a  necessary 
eondition  for  the  fonnation  of  sleet.  On  the  Alps,  I  have 
seen  that  snow  is  transformed  into  small  spherical  bodies  or 
pyramids,  when  the  wind  blows  in  squalls.  At  the  moment 
when  the  latter  cease,  the  snow  falls  m  flakes ;  the  observa- 
tions  I  have  made  in  the  plains  of  Germany  seem  to  con- 
ten  those  of  the  mountains.  We  might  think  that  thii 
fiirmation  of  particles  of  sleet  is  due  to  the  narticles  being 
lolled  in  space,  and  increasing  like  a  snow-baill  by  the  addi- 
tion of  fr^  flakes  of  snow.    I  would  rather  compare  it  to 
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the  crystallisation  of  salts ;  for  their  form  more  frequently 
approaches  that  of  a  pyramid  with  three  faces.  In  like  man- 
ner, as  differences  or  temperature  during  crystallisation  de- 
termine the  appearance  of  different  forms,  so  also  the  crys- 
tallisation in  the  present  case,  which  occurs  in  a  plane  in 
quiet  weather,  follows  the  radii  of  a  sphere  during  agitation 
of  the  air ;  and  hence  arise  spheres  or  pyramids.  Minerals 
with  a  mamellated  surface  also  present  in  their  interior 
radii  starting  from  a  central  point. 

OBioiM  OF  HAiia. — ^AJl  the  hypotheses  which  have 
been  made  on  the  origin  of  hail  are  defective,  in  suppos- 
ing the  clouds  already  completely  formed;  now,  at  this 
period  of  the  phenomenon,  the  higher  clouds  are  completely 
concealed  hy  the  lower.  The  following  explanation  is,  no 
doubt,  liable  to  several  difficulties,  yet  it  accounts  for  a 
greater  portion  of  the  circumstances  of  the  phenomenon ; 
but,  in  order  to  complete  it,  we  ought  to  be  in  possession 
of  a  long  series  of  observations. 

As  Voita  was  the  first  to  observe,  the  existence  of  two 
strata  of  clouds  is  the  condition  indisj^nsable  to  the  forma- 
tion of  hail.  I  have  quite  verified  this ;  and  we  frequently 
see  these  clouds  travel  in  two  or  three  directions,  an  evi- 
dent proof  that  they  are  not  in  the  same  atmon>heric  zone. 
But,  while  Voita  attributed  the  formation  of  the  upper 
doud  to  that  which  is  placed  below,  I  think  I  am  right  in 
concluding,  from  all  my  observations,  that  it  is  the  upper 
cloud  which  is  first  formed,  and  which  plays  the  most  im- 
portant part. 

From  the  morning  of  the  days  of  hail,  the  sky  presents 
a  peculiar  appearance.  The  blue  is  not  clear  or  deep  as  on 
a  perfectly  fine  day,  and  cirrus  is  observed  in  the  form  of 
very  fine  filaments.  Sometimes  the  cirri  are  even  much 
more  developed ;  great  white  masses  are  dispersed  hither  and 
thither,  and  their  boundaries  are  lost  in  the  blue  of  the  sky. 
Coronse  and  parhelia  are  often  seen, —  phenomena,  whidi 
are  due,  as  we  shall  presently  see,  to  the  refraction  of 
luminous  rays  by  frozen  particles.  These  appearances  pre- 
cede showers  of  nail  in  places  where  the  observer  is>  and  at 
points  at  greater  or  less  distances. 

The  same  atmospheric  state  prevails  over  a  great  space; 
and,  as  the  barometer  falls  slowly,  we  are  right  in  conclud- 
ing that  the  south  wind  prevails  above.  However,  this 
wmd  is  not  felt  on  the  surmce  of  the  ground,  when  the  air 
is  perfectly  calm ;  or,  if  there  are  some  currents,  they  are 
altogether  local,  for,  at  small  distances  from  each  other,  the 
vanes  take  opposite  directions.     Under  the  influence  of 
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these  circumstances,  the  earth,  and  then  the  strata  of  air  in 
contact  with  it,  hecome  highly  heated.  But  this  tempera- 
ture rapidly  decreases  witn  the  height,  because  the  strata 
of  air  do  not  mix ;  and,  even  though  a  burning  heat  should 
be  raging  below,  at  2500  or  3000  metres,  the  thermometer 
is  below  zero.  A  very  energetic  ascending  current  is,  there- 
fore, produced;  and,  even  though  the  air  should  not  be 
very  moist,  yet  the  higher  strata  of  the  atmosphere  are 
rapidly  saturated.  Clouds  are  formed ;  and,  at  nrst  sight, 
it  would  seem  that  they  are  cirri  condensing,  because  the 
ascending  current  elevates  them  still  higher. 

K  we  reflect  that  cirri  float  at  a  height  of  6000  metres, 
and  more  (for  I  have  never  seen  them  l^low  the  high  sum- 
mits of  the  Alps),  we  can  understand  that  the  region  in 
which  these  flakes  of  snow  are  suspended  is  at  a  tempera- 
ture very  much  below  zero.  The  heating  of  the  ground 
being  very  unequal,  the  ascending  currents  have  also  a 
force  and  extent  differing  very  much ;  hence  the  horizontal 
Kinds  in  the  higher  regions  of  the  atmosphere. 

The  ascending  currents  acquire  their  greatest  degree  of 
velocity  at  the  moment  of  greatest  diurnal  heat ;  and  the 
rupture  of  the  atmospheric  equilibrium  easily  determines 
the  formation  of  storms.  In  proportion  as  the  higher  stra- 
tom  of  drruM  becomes  denser,  cumM  are  also  foniMd,  which 
Increase  with  extraordinary  rapidity.  We  then  recognise 
that  the  wind  prcMents  opposite  directions — a  result  of  the 
unequal  distribution  of  the  clouds  in  the  sky,  and  of  the 
fall  of  temperature  accompanying  their  presence.  These 
clouds  are  sometimes  dissipated  and  resolved  into  rain  or 
hail ;  but  the  most  trifling  circumstance  may  prevent  their 
resolution.  They  frequently  increase,  when  strata  of  cold 
air  are  descending  toward  the  earth,  and  determining  preci- 
pitations of  aqueous  vapours,  and  a  very  notable  develope- 
ment  of  electricity. 

These  precipitations  are  much  more  evident  when  north 
winds  at  a  low  temperature  contend  with  those  from  the 
south.  A  circumstance  which  proves  that  this  is  frequently 
the  case  is,  that  it  is  not  an  uncommon  thmg  to  see  the 
barometer  rise  after  a  fall  of  hail.  On  the  line,  where  the 
winds  meet,  the  condensation  of  vapours  is  brought  about 
with  ^reat  energy ;  superposed  strata  of  clouds  are  formed, 
of  which  the  lower  are  frequently  very  dark.  These  clouds 
are  not  very  high,  and  resemble  sacks  or  bunches  of  grapes, 
which  seem  every  moment  about  to  fall ;  we  often  recog- 
nise gyratory  motions.  Sometimes  they  have  a  clearer  tint 
than  the  higner  strata,  and  they  generally  move  in  an  oppo* 
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■itc  direction.  Should  the  violence  of  the  higher  or  the 
lower  wind  suddenly  increase,  whirlwinds  are  propagated 
from  below  upwards  in  the  cloudy  mass,  the  Tolume  of  the 
flakes  of  snow  floating  in  the  atmosphere  increases  rapidly, 
the^  acquire  the  form  of  particles  of  sleet,  and  are  ^yen 
horizontally  b^  the  wind,  until  they  reach  the  ground. 
Enough  ekctridty  is  then  liberated  to  produce  a  dap  of 
thunder ;  but  almost  all  the  sleet  reaches  the  ground  before 
this  is  hieard.  Fresh  foatB  fiivour  the  formation  of  large 
hailstones ;  ao  that  the  hail  does  not  fall  for  any  lenffUi  of 
time :  frequently,  for  a  few  seconds  only.  This  new  mower 
of  hail  is  preceded  by  a  flash  of  liffhtning.  At  the  same 
time,  the  niry  of  the  gusts  gradually  diminishes,  and,  at 
last,  the  hailstones  fall  almost  yertically. 

We  have  shewn  how  the  flakes  of  snow,  of  which  the 
cam'  are  formed,  may  be  converted  into  hailstones.  The 
form  even  of  haUstones^  their  Ml  on  low  countries,  or  on 
^evated  places,  depends  on  the  constitution  of  the  rest  of 
the  atmosphere,  u  the  hailstones  are  small,  if  the  tempera- 
ture of  the  higher  regions  of  the  atmoepliere  is  still  suffi- 
ciently elevated,  it  may  then  happen  that  the  haOstonee 
melt  during  their  fall.  Sometimes  the  drops  of  rain  that 
«re  the  result  condense  on  their  sur&ces  a  great  quantity  of 
the  vapour  of  water :  hence  those  huve  rain-drops,  that 
firequently  precede  storms,  and  which  fiul  in  small  showers 
like  hail.  At  the  same  time,  the  mountains  are  covered 
wijth  snow  or  sleet  Thus,  on  the  Rigi,  I  have  fluently 
■een  snow  or  sleet  fall,  whilst  it  was  raining  in  the  plain ; 
this  is  a  very  ccnnmon  phenomenon,  if  I  may  credit  the 
assertions  of  the  host  and  of  the  guides. 

If  the  temperature  is  very  low  in  the  high  regions  of  the 
«r,  then  hail  falls  in  the  plain  in  a  solid  state.  If  the  hail- 
stones are  driven  horizontally,  a  fresh  quantity  of  water  is 
incessantly  precipitated  at  their  surface,  and  tneir  volume 
continually  increases.  Their  internal  structure  depends  on 
the  state  of  the  air  through  which  they  pass.  A  pyrifonn 
or  pyramidal  body  moves  either  horixontally  or  vertically ; 
but  the  larger  end  is  always  dovmward  or  in  advance :  on 
this  surface  the  vapour  oi  water  will  condense,  unless  the 
hail  is  driven  into  whirls,  and  turns  rapidly  upon  itself. 
If  the  air  that  is  traversed  by  the  hail  is  firee  from  doods^ 
or  if  the  latter  are  not  very  thick,  the  vapours  are  con- 
densed at  the  surface  of  the  hail,  as  occurs  with  white  firott : 
in  this  case,  the  entire  mass  resembles  hardened  snow ;  but 
if  it  traverses  verpr  dense  clouds,  where  the  vesicles  of  water 
we  intermixed  with  drops  of  rain,  transparent  ice  ia  then 
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fiHrmed,  in  the  interior  of  which  we  find  a  particle  of  sleet. 
It  is  the  same  mode  of  formation  as  that  of  the  drops  of  frozea 
water  that  fall  during  i^ter»  when  a  thaw  snddemy  succeeds 
a  hard  frost.  If  a  hailstone  of  this  kind  traverses  several 
strata  of  clouds,  separated  by  spaces  nat  filled  with  the 
yapour  of  water,  and  if  the  clouds  are  not  charged  with 
dr&gs  of  rain,  then  concentric  layers  are  formed,  alternately 
composed  of  snow  and  lee,  as  we  have  very  frequently 
observed. 

The  rapid  decrease  of  temperature  is,  therefore,  ihe 
principal  condition  for  the  formation  of  hail ;  and  it  follows 
firom  this  that,  in  the  fine  season,  and  during  the  hottest 
days,  it  must  specially  be  formed,  because  then  the  ascend- 
ing current  is  very  energetic  However,  hail  may  fiill  in 
other  seasons ;  for,  if  south  winds  prevail  with  a  certain 
eontinuanoe,  the  cirri  increase  in  the  evening  or  during  the 
night ;  if  north  winds  then  begin  to  blow  violently,  hail 
wul  fiJl  during  the  nighty  a  rare  dreumstance,  because  there 
18  no  ascending  currenfL  This  explains  to  us  why  hail  is 
less  common  l^ween  the  tropics  than  in  mean  latitudes; 
it  is  because,  in  the  vicinity  or  the  equator,  the  decrease  of 
temperature  with  height  is  not  so  raj^d. 

The  eonfiict  of  opposite  winds  also  explains  certain  pecu- 
liarities of  storms^  accompanied  by  hail.  Every  thing  that 
tends  to  put  the  air  in  motion  fevours  the  formation  of 
hail.  This  is  why  it  is  more  common  in  the  mountains, 
where  the  rapiditv  of  the  atmo^herie  current  increases  in 
the  valleys.  If  the  march  of  storms  were  known  by  obser* 
nations  embracing  a  series  oi  several  years,  b;^  comparing 
local  peculiarities,  we  miffht  discover  wny  certain  countries 
are  frequently  ravaged  by  haU,  whilst  others  are  almost 
entirely  spared.  Narrow  vaUeys,  surrounded  by  high  moun- 
tains, as  tne  Vallais  and  the  vale  of  Aoete,  are  rardy  visited 
by  hail :  these  valleys  are  so  warm,  that  the  hailstones  melt 
before  reaching  the  ground.  Moreover,  the  hig^  moun- 
tains that  han^  over  than  ]^revent  the  conflict  of  opposite 
winds,  or  limit  it  to  the  hi^^  regions  of  the  atmosphere, 
which  prevents  the  hailstones  acquiring  any  considerable 
Yolume.  But,  at  the  mouth  of  valleys,  in  the  plain,  storms, 
accompanied  with  hail,  are  the  more  violent  (principally  on 
the  south  side  of  the  Alps),  as  the  south  winds  are  arrested 
by  the  mountains,  while  the  north  winds,  when  they  have 
traversed  them,  rush  impetuously  to  the  plain. 

It  remains  for  us  to  explain  why  the  majority  of  hail- 
stones extend  over  a  very  long  and  narrow  space,  as  the 
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storm  of  13th  July,  1788,  which  traversed  western  France 
to  Holland.  Observations  are  wanting  for  the  solution  of 
this  problem.  However,  on  consulting  the  EphSmSrides  de 
Mannheim,  we  almost  arrive  at  the  conclusion  that  there 
was  a  conflict  between  north  and  south  winds.  Even  from 
11th  July  the  barometer  fell,  and  the  more  so,  as  it  was 
nearer  to  France.  In  Bavaria,  the  fall  from  the  11th  to 
the  12th  was,  at  a  mean,  only  0'°'",4 ;  at  Brussels,'  Middle- 
burg,  La  Rochelle,  1"'»,3.  From  the  12th  to  13th,  the 
barometer  fell  in  Bavaria  3'°°*,4,  but  at  La  Rochelle  it  had 
risen  even  2'^'" ;  whilst  it  fell  at  Brussels  and  Middlebnig 
2*'",2.  From  the  13th  to  14th,  the  barometer  rose  every 
where  in  Bavaria  more  than  2'"'^ ;  in  HoUand,  3'"'",3.  It 
is,  therefore,  probable  that  the  south  wind  was  driven  back 
by  the  north  wind,  and  throughout  the  whole  line  where 
the  conflict  occurred  there  were  brisk  and  violent  gusts, 
which  precipitated  hailstones,  and  rooted  up  lai^  trees. 
This  association  of  phenomena  is  rarely  evidenoea  along  a 
sreater  extent ;  it  is  commonly  circumscribed  within  narrow 
umits ;  but  the  hail  is  always  formed  at  the  point  where 
the  two  opposite  winds  meet  Like  as,  during  one  year, 
the  rain  chiefly  falls  from  clouds  heaped  up  by  the  north 
wind,  and,  in  another  year,  from  those  brought  bj  the 
south  wind,  so  the  oonmtions  for  the  formation  of  hail  do 
not  occur  every  ;^ear ;  hence  the  frequency  of  hail  during 
certain  years,  and  its  rarity  during  others. 

^^ATEK-8POUT8. — ^Whirlwmds,  manifested  at  the  ap- 

5 roach  of  storms,  have  often  great  violence;  tiliey  are 
escribed  imder  tiie  names  of  water-spouts  (trimbes)  wom* 
aerhosen,  sandhosefu,  aandwirbel.  Germ.  These  whirls  posscfls 
great  analogy  with  those  observed  when  two  currents  of 
water  run  beside  each  other  with  different  velocity.  Dur- 
ing a  feeble  wind,  we  often  observe  small  whirls  near  a 
house  or  other  isolated  object.  The  air  being  still  at  one 
spot,  and  agitated  at  a  little  distance,  the  piracies  at  the 
lunits  are  acted  on  by  different  forces.  Ima^e  a  horizontal 
line,  perpaidicular  to  the  plane  of  separation;  among. the 
particles  situated  on  this  hue,  there  are  some  which  are 
altogether  motionless,  whilst  others  are  drawn  along  by  the 
wind  with  a  certain  rapidity.  However,  there  are  certain 
transitions  between  the  last  motionless  molecule  and  that 
which  is  drawn  along  with  the  same  velocity  as  the  wind : 
nence  the  whirls,  which  are  partly  drawn  along  by  the  pre- 
dominant wind.  We  recognise  the  whirls,  because  tney 
raise  light  bodies,  such  as  dust,  leaves,  straw,  several  metres 
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in  height.  Water-spouts  are  analogous  phenomena  on  a 
much  larger  scale.  The  whirlwmd  not  only  exists  in  the 
cloud,  but  even  in  the  water,  which  rises  and  joins  the 
cloud  that  descends  to  meet  it. 

Water-spouts  are  not  equally  common  in  all  parts  of  the 
ocean,  in  the  middle  of  the  equatorial  sea  we  only  find 
them  when  the  trade-winds  do  not  blow  in  a  regular  man- 
ner ;  they  are  only  manifested  in  Uie  region  of  camis.  They 
are  commonly  met  with  near  the  coasts,  or  in  straits,  and 
they  are  more  frequently  formed  at  the  time  when  the 
monsoons  change :  something  analogous  occurs  in  the  l^gh 
latitudes,  where  they  frequently  coincide  with  storms. 

From  the  ftcts  collected  by  myself  and  others,  water- 
spouts almost  always  occur  when  two  opposite  winds  pass 
side  by  side,  or  when  a  yenr  brisk  wind  prevails  in  the 
higher  regions  of  the  atmosphere,  while  it  is  calm  below :  I 
saw  a  remarkable  example  on  the  Rigi  in  1832.  Being  on 
the  summit  of  the  mountain,  I  examined  masses  of  fog 
which  were  prooeediuK  towards  each  other  in  the  valley  (a 
Goldan,  whilst  around  me  the  air  was  oEdm  and  the  sky 
serene.  At  the  end  of  a  few  moments  the  masses  uniteoy 
and  I  observed  a  gyratory  movement  in  the  midst  of  them ; 
the  fog  extended  with  mconceivable  rapidity,  and  violent 
gusts  orew  from  it  rain  and  hail.  In  the  meantime  the  tem- 
perature had  fallen,  so  that  the  water  between  the  teeth  of 
the  wheels  of  my  Woltmaim's  anemometer  was  congealed. 
A  physician  of  DantdjB^,  who  arrived  in  the  evening,  told 
me,  that  on  the  lake  oiQuatre-Cantons  he  had  experienced 
a  violent  storm,  during  which  the  clouds  had  been  driven 
in  different  directions ;  at  the  same  time  he  saw  a  water- 
spout. 

If  the  currents  that  meet  in  the  high  regions  of  the  at- 
mosphere are  violent,  if  their  temperature  and  the  quantity 
of  vapour  of  water  with  which  tney  are  charged  are  very 
different,  then  the  vapour  is  rapidly  condensed.  In  pro- 
portion as  the  whirlwind  increases,  it  descends,  and  the 
diameter  of  tiie  column  decreases ;  we  cannot  decide  whether 
the  vesicles  of  water  are  drawn  from  above  downwards,  or 
whether  the  condensation  occurs  in  the  opposite  direction. 
Finally,  the  whirlwind  reaches  the  surface  of  the  earth,  the 
latter  is  agitated,  and  rises  resembling  a  boiling  cfddron. 
While  the  sea  rises  the  cloud  descends,  and  finally  they  both 
unite ;  it  also  sometimes  happens,  that  the  sea  rises  in  the 
form  of  a  cone,  while  an  inverted  cone  descends  from  the 
cloud  without  their  both  uniting.  In  tiie  majority  of  cases' 
the  column  is  thinner  in  the  middle  than  it  is  above  or 
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|)elow ;  under  other  circumstanoefl,  the  first  trace  of  the  water* 
vpout  is  eTide&oed  on  the  sea,  a  cone  rises  from  the  sur&oe 
ef  the  waters,  and  it  is  not  till  after  some  time  that  the 
Tapours  from  aboye  condense  in  their  turn. 

A  fiMSt,  which  proves  that  the  water-spont  is  in  a  great 
measure  formed  of  eondensed  Tapours,  is,  that  the  water 
eaGKamg  from  it  is  never  salt,  not  even  in  the  men  sea. 

If  the  air  is  very  drj,  then  these  whirlwinds  do  not  al« 
ways  determine  the  condensation  of  vapours,  and  the  violene* 
of  the  wind  is  the  only  thing  remancable.  Thus,  two  of 
my  friends  were  one  cloudy  day  going  from  Halle  to  Giebi* 
chenstein ;  on  a  sudden  they  were  separated  by  a  gust  ix£ 
wind,  and  one  was  driven  agamst  a  wall  and  the  other  thrown 
into  a  field,  while  the  people  who  were  near  had  not  pereexved 
the  least  disturbance  m  tne  atmosphere. 

Almost  all  observers  say,  that  the  water-spout  moves 
riowly  onward,  tummg  on  its  axis ;  if  the  current  rises,  aa 
we  see  in  the  whirlwi^  of  sand,  it  may  draw  up  enormous 
masses.  "Wolke  relates,  that  a  shepherd  near  the  Jever  saw, 
near  Bepsolt,  a  place  situated  three  myriametres  from  the 
sea,  a  water-spout  pass  before  him,  and  instantly  dry  up  a 
pond  and  throw  the  fishes  in  all  directions.  All  diescnptions 
prove  that  in  these  cases  the  wind  possesses  extraoroinaiy 
force.  Thus,  Dr.  M areer  observed  two  or  three  water^spouta 
in  the  port  of  St.  Jean  of  Antigua  on  the  surface  of  the  aea  ; 
he  saw  a  circle  of  about  sixty  metres  in  diameter,  within 
which  the  water  was  agitated  and  darted  toiraids  the  sky. 
A  small  wooden  house  was  carried  away  entire,  and  trans- 
ported to  the  distance  of  thirteen  metres  without  being' 
overturned  or  destroyed.  It  is  remarkable,  that  the  house 
was  carried  from  east  to  west,  although  the  water-q[K>ut 
travelled  from  west  to  east.  I  borrow  from  the  pubHe  news- 
papers another  example  of  the  same  kind: — Oct  25,  18^ 
a  hurge  ^uantit^r  of  linen  had  just  been  spread  out  in  a 
meadow  m  Silesia ;  the  workmen  were  at  dinner,  when  the 
tempest  announced  itself  a  few  minutes  after  noon,  and 
raised  such  thick  clouds  of  dust  that  the  day  was  converted 
into  thick  darkness.  The  doors  and  blinds  of  the  bleaching 
establishment  were  torn  down  with  a  terrible  crash,  the 
doors  were  carried  off  their  hinges,  and  the  wind  erertumed 
a  heavy  cart,  so  that  the  wheels  were  placed  upwards.  The 
linen  was  seized  upon,  and  rolled  up,  and  the  largest  mass  was 
carried  fifteen  metres  above  the  house,  and  deposited  at  150 
naoes  distant  in  a  dkch  in  the  midst  of  some  bushes.  They 
Bad  to  work  fiir  several  hours  in  order  to  disentangle  this 
immwMie  skein;  it  oonaiBted  of  twenty  •seven  pieces,  each  of 


WATBB-8POUT8.  395 

which  weighed  eleven  kflogrammes;  and  m  the  middle  watf 
found  a  post  two  metres  long,  thirty  centimetFes  wide,  and 
mx  thick,  which  was  used  as  a  bridge  for  crossing  a  ditch  at 
a  little  distance.  The  water-spout  had  carried  it  away  with 
the  linen,  which  it  had  rolled  round  and  carried  over  the 
bouse,  although  its  weight,  without  calculating  that  of  the 
plank,  was  al^ut  297  kilogrammes.* 

When  we  call  to  mind  the  force  with  which  small  water- 
spouts raise  water,  we  are  not  astonished  that  a  great  one 
can  produce  such  effects.  Some  authors  hare  attributed 
these  effects  to  electricity;  but  if  we  merely  rest  on  the  fact, 
that  this  fluid  determines  such  effects  as  these  on  the  surface 
of  water,  we  should  not  forget  that  jpurely  mechanical  forces 
oould  produce  it  as  well.  Other  philosophers  have  thought 
that  a  partial  vacuum  was  formed,  in  which  the  water  rises 
as  in  the  body  of  a  pump ;  but,  to  suppose  the  existence  of 
this  vacuum,  the  water  would  only  rise  to  the  height  of 
ten  metres,  and  the  helical  motion  would  not  exist.  It  has 
also  been  said,  that  gases  suddenly  escape  from  the  earth 
where  the  water-spout  is  formed,  and  raise  the  water ;  such 
an  hypothesis  as  this  requires  no  refutation.*}* 


*  Th*  watap-spoiit  that  davutHed  the  Tillage  of  ChkUxuj,  ncmr  I>aris, 
JniM  IStb,  1839,  brake,  near  their  base,  etaB-trees  1",50  in  ctrcomferende. 
M.  L.  Lalamne,  ciril  engineer,  who  drew  up  the  plan  of  the  place  after  the 
iHuailtr,  estimates  at  456  UlogFaiaaBee  per  metre  the  effort  exerdaed  against 
certain  parte  of  the  walls  that  were  orertnmed. 

According  to  M.  Rxnaux,  architect,  the  water-spout  that  passed  over  the 
town  of  Courtheson  (Vanchaaa),  May  30th,  1841,  overtnmed  a  Usee  of  a  ram- 
part, twelve  metres  long  hj  eig^  high  and  one  thick.  A  great  part  of  the 
materials  were  carried  to  the  other  side  of  the  SeiUe,  to  tlie  distance  of 
about  eight  metres.  In  ^e  Faubourg  d*Orange,  a  newly  constructed  facade 
was  demolished.^  Cpnyfet  rmdm  dt  VAcad,  de»  Scwaeet^  t.  fai.  p.  919,  sad 
i.  ziiL  p.  223.) 

t  In  the  Train  da  Trambe$t  which  M.  Psltieb  published  in  1840,  we  find 
an  account  of  1 37  waterspouts.  In  this  number  we  notlee  thirty-three  that 
axisted  in  the  midst  of  ealm,  twenty-five  which  liad  no  migratoty  movement* 
ttdrty-seven  which  occurred  with  this  motion.  The  silence  of  the  accounts 
iip<m  the  rest  of  the  water-spouts  is  a  presumption  in  favour  of  the  negative, 
beoanse,  as  BL  PaLnsa  says,  a  relation  is  the  indieatioii  of  ikai  wk/dk  r!k,  and 
not  of  tkat  vrJUek  it  not.  Ten  occurred  in  a  sky  without  clouds ;  seven  are 
multiples,  that  is,  there  were  several  branches  from  the  same  trunk ;  three 
ware  fimned  wI^Ib  the  eUmds,  kc. 

In  addMoB  to  ttafa,  we  find  itfty-tw»  rdations  of  stormy  pheDoracna 
which  produced  effects  analogous  to  those  of  water-spouts;  finally,  this 
treatise  contains  the  deUils  of  experiments  by  whidi  the  different  parts  of 
this  meteor  were  prodneed  by  means  of  electrfelty.  Thesomofthefaetsdoss 
pot  appear  fkvoorable  to  the  theory  that  attributes  this  order  of  phenomena 
to  whirlwinds.— (FAle  also^  on  water-sponts»  the  article  by  SL  Osbstxdt,  in^ 
If .  Scamucna's  Jmuuiii  Ut  IMS.)— IC 
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HiTHSBTo  we  have  only  studied  the  heating  power  of 
the  sun ;  we  have  seen  that  the  dhimal  and  annual  range 
of  temperature  depends  on  die  reyolution  of  the  earu 
around  this  body.  The  unequal  heating  of  the  different 
regions  of  the  earth  has  disclosed  to  us  the  origin  of  winds^ 
the  changes  in  the  aspect  of  the  sky,  and  the  <ufference8  in 
the  pressure  of  the  atmosphere,  changes  which  are  inter- 
woyen  with  a  rupture  of  equilibrium  in  atmospheric  dec- 
tricittr.  We  are  now  about  to  examine  the  phenomena  to 
which  the  sun  gives  rise,  when  regarded  as  a  luminous  body, 
after  having  prefaced  tiiiem  by  a  few  general  observations 
upon  light 

NATURB  OF  ZiiGHT. — flight  and  heat  are  so  inti- 
mately connected  with  solar  rays,  that  it  is  difficult  to  sepa- 
rate these  two  manifestations ;  we  shall  not  enter  deeply  into 
this  subject,  which  belongs  to  the  domain  of  experimental 
philosophy ;  nor  shall  we  seek  to  penetrate  farther  into  the 
Ultimate  nature  of  liffht.  Two  h3rpotheses  have  been  put 
forth.  In  the  first,  light  is  composed  of  material  mole- 
cules sent  forth  by  the  luminous  body ;  by  acting  on  the 
retina,  they  enable  us  to  see  the  hoaj  firom  which  ther 
emanate.  In  the  other  supposition,  which  appears  much 
more  probable,  the  luminous  impressions  are  due  to  the 
undulations  of  a  very  subtle  fluid  spread  throughout  the 
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uniyene  and  in  the  interior  of  all  bodies,  a  fluid  known 
by  the  name  of  ether.  There  exists,  therefore,  in  luminous 
bodies  a  force  which  puts  the  ether  in  motion,  as  the  string 
of  a  violin,  when  put  in  motion,  makes  the  air  yibrate,  ana 
produces  a  sound.  The  undulations  of  light  are  transmitted 
through  the  ether,  as  those  of  sotmd  are  through  air ;  and 
they  excite  in  the  eye  a  sensation  analcwous  tothat  produced 
b^  the  others  on  the  ear.  In  passing  from  yacuum  into  the 
air,  these  undulations  imdei^  Uie  seyeral  modifications  that 
we  are  about  to  study. 

RBFLBOTION   AMD    RBFRACTION    OF  LIGHT. — 

The  ether  being  only  a  hypothetical  fluid,  the  properties  of 
which  cannot  be  recognised  by  aid  of  experiment,  we  can 
say  nothing  positive  as  to  its  nature  in  the  mterior  of  bodies ; 
however,  if  we  conclude  from  analogy  with  that  existing  in 
the  air,  we  may  admit  that  its  density  in  the  interior  of 
bodies  is  greater  than  m  vacuo^  and  that  this  density  is 
different  in  the  different  bodies  in  nature.  Take,  for  ex- 
ample, pieces  of  glowing  carbon  and  allow  them  to  cool  in 
vaeuo^  then  place  them  in  a  small  capsule  swimming  on  a 
surface  of  mercury,  and  cover  them  with  a  small  bell-glass; 
in  a  short  time,  the  quantity  of  air  contained  in  this  bell- 
glass  will  diminish,  it  will  bie  absorbed  by  the  carbon ;  and, 
as  the  mass  of  air  that  has  disappeared  is  greater  than  that 
of  the  carbon,  we  must  conclude  that  the  air  has  been  con- 
densed within  the  carbon.  This  absorption  of  air  is  so  con- 
siderable, that  fifty  kilogrammes  of  newly  prepared  carbon, 
when  exposed  to  the  air,  will  weif^h,  after  a  certain  time, 
52,5  kilogrammes.  Almost  all  bodies  exercise  an  analogous 
influence,  but  with  a  different  intensity,  according  to  their 
nature :  it  is  probable  that  the  same  occurs  with  respect  to 
the  ether. 

When  light  passes  from  vacuum  to  a  transparent  body, 
the  undulations  change  with  the  densi^  of  the  ether ;  their 
nature  remains  the  same,  but  the  amplitude  of  the  oscilla- 
tions is  less,  as  a  wave  diminishing  m  height.  Light  is 
divided  into  two  parts ;  one  is  reflected,  the  other  penetrates 
into  the  interior  of  the  body.  Sound  presents  analogous 
phenomena :  if  sonorous  waves  strike  against  a  wall,  one 
part  of  the  sound  is  propagated  through  the  wall,  and  we 
near  it  behind  the  wall ;  the  other  is  reflected  and  produces 
echo. 

Experiment  proves  that  the  reflection  of  a  ray  is  not 
made  in  the  same  direction  as  that  of  its  incidence.  Indeed, 
let  it  be  made  to  fall  upon  a  flat  and  perfectiy  polished 
surface,  and  suppose  a  perpendicular  to  be  raised  at  the 
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pomt  of  incidence,  we  shall  see  that  the  reflected  raj  and 
the  incident  ray  are  both  in  a  plane  perpendicular  to  the 
reflecting  surface,  but  the  reflected  ray  makes  with  the 
normal  an  angle  equal  to  that  of  the  incident  ray.  Kthe  body 
on  which  the  li^t  falls  is  perfectly  polished,  and  approaches 
as  much  as  possible  to  a  geometric  i^lane,  then  the  quantity 
of  light  thus  reflected  is  very  considerable ;  and  the  body 
reflected  appears  to  us  in  its  perfect  form,  as  is  the  case 
when  we  look  into  a  minor.  Howeyer,  yery  few  bodies  are 
thus  terminated  by  surfaces  almost  mathematical;  tiie 
majority  haye  unequal  sur&oes,  which  may  be  regarded  as 
composed  of  a  great  number  of  little  {Janes  c&yersely  inclined 
to  e»ch  other.  The  incident  rays,  therefore,  are  dispersed 
in  all  directions,  and  we  do  not  obtain  a  clear  image ;  the 
objects  mmply  become  yisible. 

The  second  portion  of  the  incident  ray  penetrates  into 
the  interior  of  the  bodies,  and  trayerses  uiem,  if  they  are 
transparent ;  but  if  the  ray,  which  falls  on  a  body  from  air, 
or  from  yacuum,  is  not  perpendicular  to  the  surface  of 
incidence,  it  is  deviated  from  its  primitive  direction,  it  then 
continues  its  course  in  a  straight  line,  as  lon^  as  it  remains 
within  the  body,  until  it  is  again  deviated  at  its  egress :  this 
phenomenon  is  known  by  the  name  of  refraciwn.  The  angle 
made  by  the  incident  rajr,  and  the  refracted  ray,  depends  on 
the  inclination  of  the  mcident  ray  on  the  surface  of  the 
refracting  body,  and  on  the  nature  of  that  body :  however^ 
there  exists  a  constant  relation  between  the  incident  and  the 
refracted  ray ;  and,  if  this  relation  is  determined  for  a  an^le 
incident  n^,  it^is  determined  for  all  the  rest.  It  is  on  this 
principle  that  telescopes  are  constructed ;  and  the  deviation 
of  an  object,  when  looked  at  through  a  triangular  prism,  has 
no  other  means  of  explanation. 

ON  CO&OUB8.  —  However  varied  the  phenomena  of 
colours  may  be,  they  all  depend  on  a  principle  discovered 
by  Newton,  namely,  that  the  white  light,  that  comes  to  us 
from  the  sun,  is  composed  of  a  multitude  of  cc^oured  rays, 
the  refnmgibility  of  which  is  not  the  same.  If  we  pass  a 
ray  through  a  circular  hole,  and  receive  it  on  a  glass  prism, 
the  emergent  ray  makes  with  the  incident  ray  an  angle 
depending  on  the  angle  of  incidence  of  the  ray,  and  on  tiie 
nature  and  form  of  tne  prism.  Moreover,  the  circular  ibna 
and  the  white  colour  of  tne  illuminated  spot  have  disappeared, 
and  we  see  a  spectrum,  the  length  of  which  is  greater  than 
the  width,  and  which  is  red  at  one  of  the  extremities  and 
violet  at  the  other ;  between  these  extremities  are  the  eoloun 
of  the  rainbow,  which  melt  insensibly  into  each  other.    The 
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•Dgle  made  by  the  violet  raja,  as  they  leave  the  priflm,  with 
the  incident  ray,  is  always  greater  than  that  of  the  blue 
rays ;  and  this  angle  continues  diminishing  as  we  consider 
the  green,  yellow,  orange,  and  red.  If  one  of  theae  coloured 
rays  is  made  to  fall  on  a  second  prism,  there  will  be  no 
fiirther  decomposition  of  the  light ;  but  the  refrangibiUty  of 
the  violet  rays  will  always  be  neater,  and  ^at  of  the  red 
rays  less  than  all  the  others.  Two  consequences  flow  from 
these  facts:  rays  of  different  colour  have  not  the  same 
lefrangibility,  and  the  white  light  of  the  sun  is  composed  d[ 
eolouied  rays,  which  form  white  by  their  union,  but  whidi 
are  separated  by  the  prism. 

Almost  all  the  rays  that  reach  us  from  terrestrial  objects 
are  coloured:  these  objects  decompose  white  li^ht,  absorb 
some  colours,  and  reflect  others ;  and  hence  it  b  that  the 
objects  themselves  appear  to  us  coloured.  If  we  look 
through  a  glass,  colourad  by  cobalt,  it  will  absorb  in  pre- 
ference the  red  rays,  those  of  the  other  extremity  of  the 
spectrum  will  pass  through,  and  the  glass  will  appear  blue ; 
here,  again,  the  prism  serves  to  prove  the  composition  of 
white  colour.  Indeed,  if  we  allow  a  pencil  of  light  to  pass 
through  a  narrow  opening  and  a  piece  of  cobalt  glass,  and 
then  receive  it  on  a  prism,  the  succession  of  colours  will  not 
be  the  same  as  with  white  light ;  but  several  rays  will  be 
wanting  in  the  spectrum,  and  will  be  replaced  by  black 
stripes. 

As  the  eye  is  fatigued,  like  every  other  organ,  when 
the  sensation  lasts  too  long,  and  this  sensation  is  prolonged 
some  time  after  the  cause  has  ceased,  there  results  a  suc- 
cession of  colours  that  are  called  subjective  or  physiological. 
Look  attentively  at  a  green  circle  on  a  white  ground,  then 
dose  the  eyes ;  you  wul  continue  to  see  a  green  circle  on  a 
white  ground,  because  the  sensation  continues  for  some  time 
on  the  parts  of  the  retina  that  have  received  that  of  the  green 
circle  on  the  white  j^round ;  but  if,  instead  of  cloeinff  the 
^es,  we  look  at  a  white  surface  moderately  ilhuninated,  we 
shall  see  a  red  drck  ona dear  ground.  Indeed,  the  portion, 
of  the  retina,  on  which  the  ima^  of  the  green  drde  fell,  is 
at  last  fatigued  with  this  sensation,  and  becomes  more  sus- 
ceptible to  the  other  colours  of  the  spectrum ;  now,  if  we 
eliminate  from  the  spectrum  green  and  the  analocous 
ooburs,  those  which  remain  form  red.  Inversely,  if  we  nad 
been  considering  a  red  circle,  we  should  have  perceived 
ipreen  on  a  white  ground :  hence  it  is  that  we  so  fire^uently 
magine  that  we  see  eolouis  which  do  not  really  ezvt;  or. 
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at  least,  the  colour  of  one  object  changes  that  of  another 
object  situated  near  it.  Every  one  Ib  aware  of  the  benefit 
painters  derive  from  these  contrasts  of  colours. 

Take  a  book,  the  paper  of  which  is  very  white,  but  the 
edge  green,  turn  it  over  so  that  the  j^reen  and  the  white  pass 
alternately  before  the  eyes :  the  white  will  soon  be  coloured 
red,  and  with  the  more  intensity  as  you  continue  to  turn  it 
over  for  a  longer  time;  because  the  eye  will  become  more 
and  more  fatigued  by  the  green,  and  the  impression  of  the 
red  rays  will  be  the  more  vivid.  This^^enomenon  is  some* 
times  presented  in  the  atmosphere.  When  the  sun  is  near 
the  horixon,  and  isolated  red  clouds  are  spread  over  a 
whitish  sky,  then  the  sky  appears  ^reen  after  a  few 
moments,— >a  subjective  colourmff,  which  is  for  the  most 
part  seen  in  autumn,  and  of  which  traces  are  found  almost 
every  evening. 

ABSORPTION  BY  TBANSPARENT  BODIES.— -After 

having  traversed  transparent  bodies,  such  as  glass  or  water, 
light  IS  still  very  intense;  however,  accurate  measurements 
prove  that  a  part  has  been  absorbed.  The  quantiUrdenends 
on  the  nature  and  the  thickness  of  the  bodies.  We  know 
of  no  bodv  perfectly  transparent ;  but  all  bodies,  when  suf- 
ficiently tnin,  allow  a  small  quantity  of  liffht  to  pass,  as,  for 
instance,  a  sheet  of  leaf  gola.  The  thicker  a  body  is,  the 
more  molecules  does  the  ray  of  light  find  opposing  its 
passage.  Ez]>eriment  and  theory  lead  us  to  a  very  simple 
law,  which  points  out  to  us  the  dependence  of  this  roduction 
of  li^ht  on  the  thickness  of  the  body.  Suppose  the  body 
divided  into  a  certain  number  of  slices  of  the  same  thickness, 
and  let  us  examine  experimentally  the  quantit;^  of  light 
absorbed  by  one  of  these  slices :  the  loss  in  each  suce  will  be 
•equal  to  a  similar  fraction  of  the  incident  ray.  Suppose 
•experiment  to  have  proved  that,  out  of  100  luminous  rays, 
10,  or  0,1  of  the  wnole  are  absorbed  by  a  plate  of  glass 
lam  thick,  so  that  only  90  pass  out  of  Uie  bodv:  we  can 
know  the  quantity  absorbed  by  a  plate  4"*"  thick,  by  sup- 
posing it  divided  mto  four  slices,  each  1"*°>.  thick.  The  fint 
plate  absorbs  0,1 ;  so  that  the  second  only  receives 
100  — 10  =90  rays  ;  a  tenth  of  this  quantity,  namely  9, 
is  then  absorbed;  the  third  only  receives  90  —  9  =  81 
xayB;  the  tenth  of  this  quantity,  namely  8,1,  is  absorbed 
by  the  third :  the  fourth,  therefore,  only  receives  81  — 
8,1  =:  72,9  rays ;  and  as  the  tenth  of  this  quantity  is 
absorbed  by  this  latter  plate,  only  72,9  —  7,3  =  65,6  rays 
pass  out  of  the  plate,  and  the  light  is  reduced  in  the  ratio  of 
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100  to  65,6.  This  calculation  shews,  moreover,  that  the 
most  transparent  body  may  so  reduce  the  incident  lieht  that 
it  scarcely  makes  any  impression  on  the  organ  of  sight. 

The  light  which  does  not  pass  out  from  a  b^y  is  in 
part  really  absorbed  by  the  body,  and  raises  its  temperature; 
It  is  also  partly  reflected,  and  renders  the  body  and  its 
interior  vbible  to  the  eye.  According  to  the  nature  of 
bodies,  the  phenomena  may  be  very  varied ;  and  this  partly 
explains  to  us  the  extreme  diversity  of  colours.  Whatever 
material  is  employed,  a  part  of  the  rays  is  always  lost ;  it  is 
less  as  the  material  is  more  transparent,  but  there  is  no 
body  that  acts  on  the  rays  of  white  lieht  with  equal 
intensity; — some  rays  are  absorbed  more  toan  others,  and 
the  light  is  coloured.  There  are  bodies  that  entirely  absorb 
certain  ra3r8,  whilst  others  pass  through  them,  or  are 
reflected ;  these  bodies  have  the  same  coh)ur  whether  seen 
by  reflection  or  transmission :  glass  eoloured  blue  by  cobedt 
is  of  this  class.  Others  reflect  some  rays  and  allow  others 
to  pass ;  they  then  present,  with  reflected,  and  with  trans- 
mitted light,  two  colours,  the  union  of  which  forms  white. 
Thus  certain  miUcy  glasses  are  blue  when  seen  by  reflection ; 
2>ut,  if  a  white  flame  is  looked  at  through  one  of  tnese  glasses, 
it  appears  reddish  or  yeUowish.  Other  bodies  entirely 
absorb  certain  rays,  and  reflect  some,  and  allow  others  to 
pass.  Thus  sold  appears  yellow  by  reflection ;  but  a  white 
obiect,  seen  through  a  thin  leaf  of  gold,  seems  green.  The 
yellow  rays,  therefore,  are  for  the  most  part  reflected,  the 
green  rays  transmitted,  and  the  rest  absorbed. 

TRANSPA&BNOY  OF  THE  ATM08PHBBB. — The 

atmospheric  air  is  one  of  the  most  transparent  bodies  known ; 
when  it  is  not  loaded  with  fog,  or  obscured  by  other  bodies, 
we  can  see  objects  placed  at  a  very  great  distance :  moun- 
tains do  not  disappear  from  our  view  until  they  are  below 
the  horizon.  ]Sut,  notwithstandins  its  feeble  absorbing 
power,  the  air  is  not  a  body  altogether  transparent.  If  it 
were  so,  the  vault  of  heaven  wouM  be  black,  and  the  sun 
and  moon  would  appear  as  luminous  discs  accurately 
defined.  At  all  places,  where  the  rays  of  the  sun  could 
not  penetrate,  either  directly  or  reflected  by  terrestrial 
objects,  there  would  be  complete  darkness;  and,  at  the 
moment  when  the  sun  sets,  night  would  suddenly  succeed 
day.  As  all  this  does  not  happen,  we  must  necessarily  con- 
clude that  the  particles  of  atmospheric  air  absorb  a  portion 
of  the  light  that  thej  receive,  allow  a  portion  to  pass,  and 
reflect  the  third  portion ;  hence  it  is  that  they  illummate  the 
vault  of  heaven,  light  up  terrestrial  objects  on  which  the  sun 
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does  not  shine  directly,  and  detennine  an  insensible  transi- 
tion between  day  and  night 

We  may  convince  ourselves  by  daily  observations  of  the 
reduction  of  the  light  of  the  sun  in  its  passage  through  the 
atmosphere.  If  for  several  days  we  take  notice  cithe  same 
object,  situated  near  the  horizon,  we  shall  see  that  it  ia  some- 
timep  very  visible,  at  other  times  much  less  so.  SouJl 
olyects  disappear,  as  we  recede  from  them;  this  partly 
arises  from  tJKir  apparent  size  diminishing  with  the  distance ; 
but  this  is  not  the  only  cause,  for  the  distenee  at  which  they 
fl^ppear  is  scmietimes  less,  at  other  times  greater :  we  may 
oonvinee  ourselves  of  this  by  direct  measurements,  and 
express  the  transparency  of  tlie  atmosphere  by  these  nnm- 
hm,  as  da  Bteammure  did,  by  means  of  his  diapkanomeier.  He 
had  several  white  surfaces  placed  one  beskle  the  oth^,  so  as 
to  be  equally  illuminated  by  the  rays  of  the  smi.  On  the 
white  grounds,  he  traced  black  drdes  of  different  ^ameters : 
namely  5  cent.  fi>r  the  first,  and  6  deci.  for  the  second.  He 
receded  until  the  second  circle  became  invisible,  and  mea- 
•nred  the  distance ;  if  the  air  were  perfectly  transparent,  the 
large  eirele  ov^ht  to  disappear  in  its  turn  at  a  distance^  the 
lemon  of  which  to  the  mst  was  the  same  as  that  of  the  two 
diameters :  eneriinent  constantly  thews  that  this  rdation  is 
not  the  same,  but  smaller.  Thus,  in  one  of  4e  8Muis«ra^ 
experiments,  the  diameters  of  the  circles  were  to  each  other 
aa  1 :  12 ;  the  distances,  at  which  they  become  invisible  as 
1:11 ,427,  a  difOnrenee  due  to  the  absorption  of  luminous  rays 
by  the  atmosphere. 

We  need  scarcely  add,  that  objects  employed  to  mea- 
sure the  transparency  of  the  atmosphere  should  be  aho- 
aether  identical  in  respect  to  form  and  illumination ;  for  the 
distance  at  which  objects  disappear  does  not  depend  simfdy 
on  the  visual  angle,  but  likewise  on  their  mode  of  illumina- 
tion, and  on  the  contrast  made  by  their  colours  with  sur- 
rounding objects.  This  explains  why  stars,  notwithstanding 
their  small  diameter,  are  so  visible  in  the  vault  of  heaven. 
It  is  the  same  with  terrestrial  objects :  there  is  a  difficulty 
in  distinguishing  a  man  when  he  is  projected  on  fields  w 
black  surfaces ;  but  he  is  very  visible  when  placed  on  an 
ekiration,  so  as  to  be  projected  on  a  light  sky :  hence  the 
optical  illusions  so  common  in  mountainous  countries. 

Whilst  the  chain  of  the  Alps  seen  from  the  plain,  at  a 
great  distance,  is  distinctly  visible  in  its  minutest  features, 
the  spectator  placed  on  one  of  its  summits  scarcely  distin- 
guishes any  thing  in  the  plain :  all  travellers  agree  in  thia 
net.   During  my  stay  on  the  Faulhom,  in  September  1882^ 
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the  weather  was  yery  fine ;  I  distinguished  with  great  clear- 
ness the  chain  of  the  High  Alps,  hut  every  thing  was  oon- 
fiised  on  the  plain.  The  counti^,  extending  beyond  the 
Lake  of  Brienz  seemed  covered  with  a  veil ;  only  the  sum* 
mits  oi  Pilate,  For^t-Noire,  and  the  Yosges,  at  a  ^reat  dis- 
tance, were  clearly  defined,  whilst  nothing  was  distinct  in 
the  plain  between  the  Alps  and  the  Jura.  It  was  with 
much  difficulty  that  I  coula  distinguish,  during  serene  wea- 
ther, the  town  of  Berne  through  a  glass ;  and  yet  the  Faul- 
hom  is  very  visible  from  that  town.  This  is  easily  explained : 
indeed,  while  mountains  make  a  contrast  by  their  opacity 
and  their  deep  colour  with  the  transparency  of  the  sky,  and 
are  very  distinctly  defined,  all  the  objects  on  the  plain  are 
dad  in  a  sombre  and  uniform  greenish  tint :  so  that  at  a 
certain  distance  an  isolated  object  is  not  relieved  from 
smong  those  surrounding  it. 

But  it  is  not  only  rays  coming  from  terrestrial  objects 
that  are  partially  absorbed  by  the  atmosphere;  it  is  the 
«me  with  those  coming  from  uie  sun.  The  curved  sur&ce 
that  bounds  the  atmosphere  bein^  parallel  to  that  of  the 
earth,  and  its  thickness  being  nothing  when  compared  with 
the  mass  of  the  terrestrial  spheroid,  we  maj  suppose,  with- 
out sensible  error,  that  the  plain  of  the  portion  or  the  atmo« 
2 here,  which  the  eye  can  embrace,  is  senmbly  parallel  to 
e  horizon.  If  the  sun  were  in  the  zenith,  its  rays  would 
traverse  the  shortest  road  to  reach  us ;  the  more  the  sun 
iq[>proadie8  the  horizon,  the  jpreater  is  the  thickness  of 
atmosphere  to  be  traversed  by  its  rays,  and,  consequently, 
the  more  is  the  brilliancy  of  the  rays  enfeebled :  experience 
nroves  this  every  day.  The  light  of  the  sun  or  of  the  moon 
m  their  passage  to  the  meridian  is  dazzlinr,  whilst  we  can 
gaze  at  Uiese  bodies  when  they  are  near  the  horizon ;  for 
the  same  reason^  the  regions  situated  near  the  horizon 
appear  devoid  of  stars.  The  latter  are  actually  invisible, 
because  their  rays  cannot  reach  us  through  the  thick  stratum 
of  atmosphere  that  they  have  to  traverse ;  but  they  become 
perfectly  visible  as  this  part  of  the  vault  of  heaven  rises 
above  tne  horizon.  If  it  were  possible  to  measure  the  in- 
tensity of  solar  light  at  different  elevations,  we  might  also 
I  indicate  the  quantity  of  this  absorption ;  but  the  methods 

'  employed  to  measure  this  intensity,  and  the  results  obtained, 

are  still  subject  to  very  grave  difficulties.**  The  actino- 
BBftter,  or  the  heliothennometer,  described  in  p.  149,  may  be 
employed  for  this  purpose.  The  absorj^tion  of  solar  rays 
18  such,  that  in  the  plains  of  Grermany,  if  the  sun  were  in 

s>  YidA  Note  u.  Appendix,  No.  U. 
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the  zenith,  and  the  sky  perfectly  dear,  the  earth  would 
only  receive  two-thirds  of  the  rays  that  arrive  at  the  upper 
surface  of  the  atmosphere ;  all  tne  rest  is  partly  absorbed, 
and  partly  reflected  by  the  air  and  the  particles  ot  vapour : 
but  the  numerical  value  of  these  elements  is  still  unknown.* 

BiiUB  COliOUR  OF  THE  AIR.  —  One  part  of  the 
luminous  rays  is  absorbed,  the  other  reflected  by  the  air ; 
the  latter,  however,  does  not  act  equally  on  all  the  coloured 
rays,  of  which  white  light  is  composed ;  it  acts  like  a  milky 
glass,  it  rather  allows  the  rays  of  the  red  extremity  of  tl^ 
spectrum  to  pass,  and,  on  the  contrary,  reflects  the  blue 
rays ;  but  this  difference  is  not  sensible,  until  the  light  has 
traversed  large  masses  of  air.  De  Sansmire  has  shewn  that 
the  blue  colour  of  the  sky  is  due  to  the  reflection  of  light, 
and  not  to  a  peculiar  colour  belonging  to  the  aerial  puti- 
des.  If  the  air  were  blue,  he  said,  mountains  that  are  veiy 
distant,  and  that  are  covered  with  snow,  ought  to  appear 
blue,  which  is  not  the  case.  An  experiment  made  by 
Hassenfratm  also  proves  that  the  blue  ray  undergoes  the 
greatest  reflection.  Indeed,  the  thicker  the  stratum  of  atmo- 
sphere in  which  the  ray  traverses,  the  more  do  the  blue  rays 
disappear,  which  make  the  red  ray  viuble :  now,  when  the 
sun  IS  near  the  horison,  the  ray  traverses  a  greater  thickness 
of  the  atmosphere ;  thus  this  body  appears  to  us  red,  pur* 
pie,  or  yellow.  The  predominance  of  red,  and  the  absence 
of  blue,  when  the  sun  is  near  the  horizon,  have  been  con- 
firmed by  an  experiment  of  Haasenfrats :  he  passed  the 
solar  light  through  an  opening,  and  received  it  on  a  prism; 
he  then  measured  the  width  of  the  prism  at  a  certam  dis- 
tance ;  the  observation  was  repeatea  when  the  sun  was  at 
diflerent  heights  above  the  horizon.  In  the  long  days  of 
summer,  at  mid-day,  the  length  of  the  prism  was  185  parts; 
and  in  winter,  durmg  the  shortest  days,  at  sunset,  only  70 
parts.  All  tiie  rays  of  the  extreme  violet  were  wanting ;  for 
the  spectrum  was  only  composed  of  red,  orange,  and  green : 
an  evident  proof  that  all  the  blue  rays  had  been  abrorbed. 
The  blue  rays  also  are  often  wanting  in  rainbows  that  ap- 
pear a  short  time  before  sunset. 

In  order  to  measure  the  intensity  of  the  blue,  de  Sana- 
snre  invented  the  eyanometer.  Imagine  a  band  of  pftpcr 
divided  into  rectangles,  of  which  the  first  is  of  the  deepest 

*  It  followi,  from  Boooon's  experiments,  that  while  the  barometer  is  at 
760  mUUmetret,  if  we  take  u  unity  the  intensity  of  a  star,  when  it  enters 
into  the  atmosphere,  its  intensity,  when  It  reaches  the  obserrer,  and  when 
the  star  is  at  the  senith,  is  reduced  to  0,6123.  (Laplace,  Etpotitwn  du  S^§- 
temedu  Monde,  t.  i.  p.  191.) 
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cobalt  blue,  whilst  the  last  is  almost  white,  the  intermediate 
lectangles  presenting  all  imaginable  diades,  between  deep 
blue  and  white.  If  we  find  that  the  blue  of  one  of  these 
rectangles  is  identical  with  that  of  the  sky,  we  then  express 
this  identity  by  a  number  corres^nding  to  one  of  the  rect- 
angles, and  every  thing  is  obtained  for  drawing  out  the 
scale  of  the  instrument.  To  accomplish  this,  de  SausBortt 
rested  on  this  principle,  that  the  difference  between  two 
very  similar  colours  disappears  the  farther  we  recede,  so 
that  finally  they  are  confoimded.  De  Sanasure,  therefore, 
takes  two  shades  of  blue  that  are  very  similar,  and  lays 
beside  each  other  two  sheets  of  paper  coloured  with  these 
shades ;  then  he  recedes  until  a  black  circle,  four  millimetres 
in  diameter,  painted  on  a  white  ground,  and  placed  beside 
these  sheets  of  paper,  becomes  invisible ;  if  the  differences 
of  the  shades  disappear  at  a  distance  greater  or  less  than 
that  at  which  the  circle  disappears,  one  of  these  must  be 
exchanged  for  another,  until  tne  required  shade  is  obtained. 
In  this  manner,  de  Sawisiire  obtamed  between  white  and 
black  fifty-one  shades,  and  consequently  53  degrees  in  all. 
The  white  was  marked  0;  and  he  satisfied  himself,  b^  other 
experiments,  that  these  decrees  corresponded  to  combinations 
of  white  and  deep  blue  mixed  in  definite  proportions. 

Other  apparatus  have  been  devised,  but  all  are  intended 
for  measurmg  the  intensity  of  the  blue.  Now,  as  the 
atmosphere  presents  other  colours,  such  as  yellow,  led,. 
grevisn  blue,  &c.,  instruments  should  be  construct^  for 
eacn  of  these  colours.  The  following  apparatus  might 
serve  to  indicate  the  shade  of  colour ;  but  I  leave  others 
the  care  of  verifying  by  actual  experiments  the  utility  of 
this  idea.  The  colour  of  objects  is  due  to  the  want  of  cer- 
tain of  the  colours  of  white  light;  thus,  then,  if  we  knew 
the  principal  elementary  colours  in  white,  and  in  the  light 
coming  from  any  body,  we  might  know  the  colour  of  that 
body.  In  order  to  aetermine  the  number  of  elementary 
colours,  we  should  select  a  perfect  prism  of  flint-fflass,  and 
fix  it  at  the  extremity  of  a  tube  three  or  four  decimetres 
long.  The  light  of  a  body  whose  colour  we  desire  to 
know  is  received  through  a  narrow  opening,  and  the  prism 
decomposes  it ;  but,  in  order  to  distinguish  tne  colours  well, 
they  are  received,  as  they  pass  out  from  the  prism,  on  the 
acm'omatic  object-glass  of  an  astronomical  telescope.  By 
means  of  a  micrometer-screw,  the  length  of  the  spectrum 
and  the  width  of  each  colour  is  measured :  in  this  way,  we 
may  not  only  in^cate,  with  great  accuracy,  the  different 
shades  of  the  sky,  but,  on  repeating  the  experiment,  when 
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the  son  is  at  different  heigfats  abo^e  the  horizoo,  we  amv« 
at  a  positive  knowledge  of  the  number  and  the  nature  of 
the  different  elementary  colours  of  solar  light. 

The  mere  contemplation  of  the  sky  at  once  proTes  to  as 
that  its  colour  is  not  the  same  at  all  points  of  the  same  yer* 
tical ;  it  is  generally  deeper  in  the  zenith ;  then  it  beoomei 
brighter  toward  the  horizon,  when  it  is  frequently  oom- 
pletely  white.  This  contrast  becomes  still  more  striking  bj 
the  use  of  the  <^anometer.  Thus,  de  Sanssore  found  one 
day  that  the  colour,  corresponding  to  No.  23  of  his  <^ano* 
meter,  was  in  the  neighbourhood  of  the  zenith,  and  that 
corresponding  to  No.  4,  near  the  horizon ;  M.  de  HwnboUtt 
arrived  at  analogous  results.  But  the  colour  of  the  same 
part  of  the  dcy  changes  very  regularly  during  the  day;  in 
that  it  becomes  deeper  irom  morning  to  mid-day,  and  be* 
comes  clearer  from  this  time  until  evening. 

When  we  ascend  from  the  plain  to  mountains,  the  tkj 
appears  deeper  and  deeper;  the  chamois-hunters  and  shep- 
herds have  long  known  this.  D«liic  was  the  first  to  direct 
attention  to  this  &ct,  which  de  Sanssiire  verified  in  the  Alp8| 
and  M.  d«  Humboldt  on  the  CJordilleras.  In  our  pJtmaiA^ 
the  sky  has  the  deepest  blue  colour  when,  after  sevenl 
days*  rain,  the  east  wmd  drives  away  the  clouds.  Accord- 
ing to  M.  da  Bomboldt  the  sky  is  bluer  between  the  ^xvpics 
than  in  the  higher  latitudes ;  but  pider  at  sea  than  in  the 
interior  of  countries. 

The  colour  of  the  sky  is  modified  by  the  combination  of 
three  tints :  blue,  which  is  reflected  by  the  particles  of  air  ; 
the  black  of  the  vault  of  heaven,  that  forms  the  ground  of 
the  atmosphere ;  and  finally,  the  white  of  the  vesicles  of 
fog  and  flakes  of  snow  that  swim  in  the  atmosphere,  in- 
d^d,  the  tint  of  the  blue  rays  is  darkened  by  the  black 
colour  of  space ;  and,  on  the  other  hand,  it  is  made  lighter 
by  the  white  of  die  vesicles  of  fog;  when  we  aaoend  in  the 
atmosphere,  we  leave  a  great  portion  of  the  vesicles  of 
vapour  beneath  us.  So  that,  while  rays  reach  the  eve  in 
less  proportion,  and,  the  sky  beiuff  covered  with  a  lesser 
number  of  particles  reflecting  its  lignt,  its  colour  becomes  of 
a  deeper  blue.  For  the  same  reason,  the  blue  in  the  neisii- 
bourhood  of  the  horizon  is  less  intense  than  at  the  Bemth. 
If  the  sky  is  paler  in  the  open  sea,  and  in  high  latitudes^ 
than  in  the  interior  of  the  continents,  and  in  the  neighbour- 
hood of  the  equator,  it  must  be  attributed  to  the  vendee 
offog.* 

*  Oh  thb  roLABniTiov  or  nunn  Aim.~A  tamlnoag  nj  is 
polar  (ted,  whoi*  w«i  onter  iwnywiSlmlar  iaeldenetk  it  tmuM  p«M 
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TWiltlOHT. — During  a  serene  day,  as  the  sun  approacfaea 
the  horizon,  the  neighbouring  portion  of  the  sky  is  coloured 
yellow  or  red.  The  rays,  which  have  been  traversing  a 
great  thickness  of  the  atmoqthere,  lose,  on  their  way,  a  great 
portion  of  the  blue  rays,  and  we  receive  only  the  red  raya. 

%  tbin  aim  of  tonrmvlliie  cot  so  m  to  oontaia  the  ftxls  of  tU«  eryitAL 
aod  placed  in  a  aitnation  perpend&oalar  to  this  vadliis.  The  plane  pasring 
through  this  radius  and  this  aiJs  is  named  the  plane  of  polarisation.    The 

rlarlsed  ray  also  poesesses  other  eharaeters,  by  which  H  u  defined ;  but  this 
suAdeBL 

If  the  plate  of  tourmaline  is  turned  90**,  Its  sur&ce  remaining  perpendioo- 
lar  to  the  luminous  rays,  these  rays  pass  through  the  plate ;  ue  plane  of 
]M)]arlaaftlon  Is  then  perpendicular  to  the  axis  of  the  crystal.  So  that  the 
polarised  rsy  can  no  longer  be  considered  as  symaoetrlcal  with  referenee  te 
exterior  space :  hence  its  name. 

Light  may  be  partially  poiarited  ;  ft  may  then  be  rmrded  as  ooostltnted 
of  natural  light  not  polarised,  and  light  completely  pofarised.  All  possible 
intermediate  conditions  may  be  observed  between  these  two  states  of  light. 

The  act  of  reflection  polarises  luminous  rays ;  the  plane  of  the  polarisa- 
tion of  a  reflected  ray  ia  that  in  which  the  reflection  takes  plaoe ;  but,  if  the 
incidence  is  normal*  the  light  is  not  polarised. 

From  these  principles  we  may  explain  the  polarisation  of  the  light  of  » 
dear  sky.  If  we  imagine  a  plane  pacing  throush  the  sun  and  the  observer, 
the  lif^t  coming  fjnom  the  son,  wUch  reaches  the  eye  of  the  latter,  along  a 
eertain  line,  situated  in  this  plane,  has  been  reflected  by  the  aerUl  mole* 
coles  situated  In  the  course  of  this  Une.  This  light  would,  therefore,  be 
polarleed  In  a  plane  passing  throu^  the  sun ;  now,  this  is  actually  what  we 
observe.  If  M.  Ajiago's  ckromaticpolarticape,  or  BAVAMr'Bjrtmgepolariseope, 
<lnstruments  which  are  described  in  most  treatises  on  Natonu  Philosophy) 
Is  directed  toward  the  sky,  we  recognise  that  the  Intensity  of  the  polarisa- 
tion is  very  great  near  the  sentth,  that  it  goes  on  increasing  until  about  90^ 
degrees  ttom  the  sun ;  after  which,  it  progressively  dhninishee  to  a  distance 
of  160"  fhNn  this  bodv.  at  least,  if  the  place  of  this  latter  is  a  little  above  or 
» little  below  the  horiaon.  At  this  place  the  polarisation  is  insensible.  TUa 
point,  which  Is  situated  in  the  sun's  vertical,  has  been  usually  designated  the 
nemtral jtoint.    Beyond  this,  the  polarisation  begins  to  increase ;  but  the 

Cie  ofthe  pcdarisation,  instead  of  oolnciding  witii  the  vertical  of  the  snn« 
became  perpendicular  to  it.  MM.  Ajiaoo,  Biot,  and  Fobbbb,  attribute 
this  latter  phenomenon  to  the  secondary  reflections  tliat  occur  l>etween  the 
aerial  molecules  taken  two  and  two.  It  is  evident  that,  with  respect  to  one 
molecule  of  air,  the  rest  of  the  atmosphere  plays  the  part  of  an  Illuminating 
body  in  the  form  of  a  horisontal  ring  surrounding  it  on  all  sides.  The  por^ 
Hon  of  light  that  the  molecule  borrows  from  this  source  must,  thereiore* 
be  polarised  In  a  heriaontal  plane,  or,  at  least,  in  a  plane  but  little  faacllned 
to  the  horiaon ;  and  in  all  cases,  on  aooount  of  its  qnounetty,  this  plane  most 
lie  perpendicular  to  the  vertical  ofthe  sun,  if  the  molecule  Is  itself  situated 
In  tills  plane.  In  proportion  as  we  examine  the  parts  ofthe  sky  that  are 
aeerer  to  the  pitot  ofthe  horison  opposite  to  the  sun,  polerleatlon  in  a  hori- 
sontal dbection  must  go  on  increasing,  and  end  by  predominating  over  ver- 
tical polarisation,  which,  on  the  contrary,  continues  diminishing,  until  the 
iMddenee  ofthe  solar  rays  approaches  more  and  more  toward  b^ng  normal 
vlth  the  same  molecules. 

M.  BABisfZT  fbund  a  second  neutral  point,  in  the  neig^boumood  ofthe 
e«B ;  italMli^fs  17*  W  above  the  centre  ofthe  son.  Mr.  Fobsm  explains 
It  by  the  preoeding  theory,  namely,  the  prednminanee  of  ree^iooal  horiaoift* 
tal  reflections. 

Th%  angles  \WP  and  17*  Tttif  wr^  the  mean  retnU  of  numerous  observ»- 
tlesM made  Iv M.  BmAvau,ontlieaummitaf  theFanlhom,in  IS4S;  wemagf 
believe  that,  in  the  plain,  the  situation  of  these  neutral  points  is  someiriuit 
different.  The  presence  of  clouds  In  the  sky  is  even  soi&cient  to  displace 
firam  thsAr  nalural  Dceltiooa.^M. 
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The  sky  becomes  pale  in  the  neighbourhood  of  the  zenith, 
and  the  clearness  goes  on  increasing  towards  the  western 
horizon.  We  gradually  observe  in  the  east  of  the  sky,  situ- 
ated opposite  to  the  sun,  a  red  tint,  that  attains  its  maxmum 
intensity  at  the  moment  when  the  sun  descends  below  the 
horizon.  This  colouring  is  the  effect  of  the  last  rays  of  the 
setting  sun,  that  sends  mto  this  region  of  the  sky  only  its 
red  rays,  which,  after  their  reflection,  again  traverse  the 
atmosphere,  and  reach  the  eye  of  the  observer  entirely  de- 
prived of  their  blue  rays.  According  to  the  state  of  the  at- 
mosphere, this  colour  varies  between  iiery  red  and  deep 
purple ;  in  like  manner,  in  the  west  of  the  sky,  the  twilight 
presents  all  the  intermediate  tints  between  gold-yellow  and 
deep  red ;  the  red,  however,  is  never  so  deep  as  that  of  the 
eastern  sky. 

When  the  sun  descends  a  little  below  the  horizon,  we 
may  observe  in  the  eastern  sky  a  segment,  more  or  less 
clearly  defined,  of  a  deep  blue  colour,  above  which  the  red 
colour,  of  which  we  have  spoken,  is  constantly  shewn.  The 
separation  between  the  blue  and  the  red  segment  is  frequently 
ver^  plain ;  but,  under  favourable  circumstances,  we  may 
distmguish  between  them  a  white  or  yellow  stripe :  Malran, 
who  was  the  first  to  draw  attention  to  this  subject,  named  it 
second  twUight  or  anti-twilight 

Its  culminating  point  is  situated  opposite  to  the  sun ;  and 
an  attentive  observation  proves  that  this  segment  is  due  to 
the  shadow  of  the  earth  projected  on  the  sky.  This  point  is 
no  longer  illuminated  by  the  direct  rays  of  the  sun,  but 
merely  by  a  diffused  light ;  and,  as  the  latter  is  blue,  it  com- 
municates this  tint  to  the  entire  segment.  So  lon^  as  the 
upper  limit  of  the  shadow  of  the  earth  is  not  very  high,  the 
red  tinto  in  the  western  and  eastern  sky  are  confounded  in 
the  higher  regions ;  when  the  air  is  very  pure,  and  not 
charged  with  uie  vapour  of  waters,  the  zenith  is  blue ;  but 
if,  during  the  day,  the  sky  has  a  whitish  colour,  then  it  is 
entirely  covered  with  a  purple  tint ;  because  the  eye  not 
only  receives  the  blue  rays  reflected  bv  the  zenith,  but  also 
the  red  rays  derived  from  the  particles  of  vapour  that  are 
situated  lower.  The!  anti-crepuscular  arc  gradually  rises 
towards  the  zenith,  where  the  sky  appears  blue,  the  redness 
of  the  western  sky  becomes  deeper,  and  a  few  isolated  stars 
become  visible ;  sometimes  a  second  red  coloration  is  again 
shewn  in  the  eastern  sky.  In  proportion  as  the  sun  de- 
scends, the  red  segment  of  the  western  sky,  which  descends 
with  it,  becomes  better  defined,  and  above  it  is  seen  a  white 
space  in  the  form  of  an  arc,  which  we  might  call  with 
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BrAndes  crepusctdar  li^ht,*  The  more  the  sun  descends^ 
the  more  does  darkness  mcr^ise,  and  finally  the  greater  por* 
tion  of  the  stars  hegin  to  shine ;  the  moment  when  stars  of 
the  sixth  ma^^tude  become  yisible  may  be  considered  as  the 
end  of  twil^ht.  This  is  called  astronomical  twilight,  in 
order  to  distmguish  it  from  ordinary  twilight,  which  termi- 
nates when  du'kness  compels  us  to  suspend  labour  that  is 
going  on  in  the  open  air  (vide  Note  F). 

Daybreak  and  twilight  depend  on  the  rays  that  come 

*  When  the  crepnteular  curre,  formed  by  the  thftdow  of  the  earth  pro* 
jected  on  the  high  regions  of  the  atmoephere,  sets  in  the  evening  on  the 
ireetem  horison,  we  may  still,  under  Tery  fhTourablo  circumitancefl,  per> 
«elTe  a  feeble  and  whltiih  light  illnminating  the  eky  towards  the  N.W. 
and  which  sometimes  xlses  to  a  considerable  angular  height.  This  light  ia 
inoontestably  due  to  secondary  illumination,  thrown  on  the  higher  points  of 
the  atmotphere  by  strata  of  air  situated  at  that  time  below  the  honxon  and 
directly  illuminated  by  the  sun ;  the  U|^t  of  this  atmospheric  space  Is  due 
to  rays  that  have  already  undergone  a  first  reflection,  which  M.  Biot  (A/^- 
moire  de  FAcodemie  des  Scicncett  t.  xvii.)  names  the  second  crepuscular 
space. 

It  does  not  appear  that  this  second  twilight  can  be  observed  ttom  our 
▼alleys ;  but  on  high  mountains  It  la  very  ftiquently  visible :  ns  SArssusE 
observed  it  when  on  the  Col  de  G6ant ;  the  light  Atalns  to  as  much  as  30** 
above  the  hori«m ;  the  depression  of  the  sun  below  the  horiaon  of  the  Illus- 
trious philosopher  was  at  the  time  23*.  M.  BaAVUs  observed  it  several 
times  on  the  imramit  of  the  Faulhom  (canton  of  Berne),  2683  metres  above 
the  level  of  the  sea,  during  the  years  1841  and  1842.  The  following  table 
contains  the  results  of  his  measurements.  The  column  on  the  left  indicates 
the  lenithal  distance  of  the  sun  at  the  moment  of  observation ;  the  column 
on  the  right  gives  the  angular  limit  in  height,  beyond  which  the  light  ceased 
to  be  distinct. 

ZZVITB  DI8TAKCE8  OF  THB  SCN  AKD  COlAISPOKOnrO  AMGCLAS  USfBHTB  FOa 

TilS  8ECOVD  CBSrVSCULAa  SPACK. 


Aug.  2,  evening     1842 

107®  4' 

170,6 

„    12,  morning   1842 

107  25 

20  ,5 

M      5,  evening     1842 

108  34 

16  .4 

..      %        ..          1842 

HI    3 

25  ,2 

„     13,  morning    1842 

112    5 

16  ,0 

„     9,  evening     1842 

112  18 

16  ,6 

„    16,  morning    1842 

113  23 

12  ,» 

„      5,  evening     184 1 

116    4 

9  ,0 

„    16,       „         1842 

116    6 

7  ,0? 

These  measurements  are  perfbotly  compatible  with  the  explanations 
that  we  have  Just  given ;  if  it  were  true  that  the  ordinary  crepuscular  curve 
ejtactly  coincided  with  the  cui*ve  of  the  passage  of  the  earth's  shadow  out  of 
our  atmosphere,  this  second  crepuscular  curve  ought  itself  also  to  be  inter- 
preted in  an  analogous  manner,  and  we  might  use  it  with  advantage  to  deter- 
mine the  height  of  our  atrao^ihere ;  but  our  knowledge  on  this  subject  is 
■till  much  too  imperfect  fer  such  deductions  to  be  at  present  at  all  le- 
gitimate. 

The  light  of  the  second  twilight  is  lUnt,  without  any  marked  colour,  and 
feoalogoos  to  the  Milky  Way  In  brilliancy ;  it,  therefore,  does  not  prev«nt 
our  seeing  the  small  stars,  even  those  of  the  fifth  and  lUth  magnltude.-^M. 

T 
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firom  the  sqh  meetmg  the  higher  strata  of  the  air,  and  _ 
reflected  hy  it  and  dupersed  in  all  directions,  when  the  sun 
has  for  some  time  disappeared  below  the  horizon ;  these  rayv 
are  again  reflected,  and  illuminate  the  eastern  side  of  the  ce- 
lestial vault.  From  this  we  can  understand  that  an  intimate 
connexion  exists  between  the  descent  of  the  sun  below  the 
horizon,  the  state  of  the  atmosphere,  and  the  light  of  whieh 
we  are  speaking :  so  that  astronomers  have  endeayoured  to 
indicate  this  relation,  by  calculating  the  duration  of  twi- 
light for  different  countries  and  different  seasons ;  but  they 
have  been  too  much  preoccupied  with  the  mathematical 
elements  of  the  Question,  and  have  in  some  d^ree  neglected 
the  physical  conditions.  All  of  them  have  endeavoured  to 
determine  the  moment  when  the  sun  is  18°  below  the  hori- 
zon, and  have  not  inquired  whether  this  angle  every  where 
corresponds  with  the  end  of  twilight :  so  that,  in  my  opinion, 
the  question  is  no  farther  advanced  than  at  the  period  when 
a  cardinal  induced  the  Portuguese  Noxkios  to  enter  upoa 
Uusquestion. 

Twilight  terminates  at  the  moment  when  darkness  attains 
a  certain  determinate  degree.  Ancient  astronomers  gave, 
as  a  rule,  that  we  shotdd  see  stars  of  the  sixth  magnitude  in 
the  neighbourhood  of  the  zenith ;  but  these  stars  do  not  be- 
come visible  until  the  moment  when  the  reflected  light  that 
is  spread  in  the  atmosphere  is  very  faint,  and  when  the 
rays  from  the  stars  are  not  too  much  reduced,  in  their  pas- 
sage through  the  atmosphere,  to  produce  a  luminous  sensa- 
tion on  the  eye.  The  more  vapour  there  is  condensed 
during  the  day,  the  more  dull  does  the  sky  appear,  and  the 
more  enfeebled  also  is  the  light  that  passes  through  the 
atmosphere,  whilst  the  reflected  rays  amount  to  a  large 
number:  under  these  drcumstanoes,  twilight  is  very 
long.  In  the  interior  of  Africa,  where  the  air  is  sometimes 
so  pure  and  so  transparent  that  Bmce,  when  in  Sennaar,  saw 
the  planet  Venus  in  broad  daylight,  night  immcdiatelv  suc- 
ceeds sunset.  On  the  other  side  of  the  Alps,  in  Daunatia 
for  instance,  night  occurs  half  an  hour  after  sunset.  Be- 
tween the  tropics  twilight  is  still  shorter :  it  lasts  a  quarter 
of  an  hour  at  Chili,  according  to  Acosta;  and  a  few  minutes  at 
Cumana,  according  to  M.  de  Humboldt;  the  same  phenome- 
non occurs  on  the  coast  of  Africa.  These  results  differ  veiy 
manifestly  from  those  obtained  by  calculations,  according  to 
which  twilight  ought  to  last  at  least  an  hour.  We  are, 
therefore,  obliged  to  admit  that  between  the  tropics  the  sun 
is  not  so  far  below  the  horizon  at  the  end  of  twilight  as  it 
18  in  the  very  high  latitudes.    When  the  air  is  filled  with 
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resicular  vapours  and  particles  of  snow,  the  snn  may  descend 
as  much  as  30°  below  the  horizon  without  darkness  being 
complete,  as  the  long  tyrilights  of  Greenland  and  other  polar 
countries  prove.*  Its  duration  must  vary  accordinfl;  to  sea- 
sons; in  summer,  when  the  vesicular  vapour  is  higher  than 
in  winter,  the  sun,  according  to  RiceioU,  is  at  a  greater  dis- 
tance below  the  horizon  at  the  end  of  twUight  than  in 
vrinter :  in  like  manner,  in  the  morning,  at  the  commence- 
ment  of  daybreak,  it  is  higher  than  in  the  evening,  probably 
because  a  part  of  the  vapours  of  water  is  precipitated  to  the 
surface  of  the  earth. 

When  the  vapours  are  very  high,  while  the  lower  strata 
of  the  atmosphere  are  very  tran^arent,  twilight  may  last 
for  a  very  long  time.  The  summer  of  1831  was  remarkable 
in  this  point  of  view ;  very  prolonged  twilights  were  seen 
from  Madrid  to  Odessa,  and  the  newspapers  of  the  period 
were  filled  with  observations  of  this  kind.  These  twiliffhts 
were  very  remarkable  on  the  24th,  25th,  and  26th  of  Sep- 
tember. On  the  25th,  the  setting  of  the  sun  presented  no- 
thing extraordinary ;  but  the  colour  of  the  sky  very  soon 
became  of  a  very  deep  orange  tint ;  the  brilliancy  of  the 
crepuscular  light  slowly  diminished  and  passed  to  red ;  the 
illuminated  portion  of  the  sky  contracted  more  and  more, 
and  exactly  corresponded  to  the  point  where  the  sun  was 
beneath  the  horizon ;  it  was  still  seen  as  late  as  eight  o^clock, 
an  hour  at  which  the  sun  was  19°  30'  below  the  horizon  : 
it  was  the  same  on  the  following  evenings ;  and  the  mornings 
also  presented  extraordinary  phenomena.  M.  Nees  d'B- 
senbeck,  who  was  contemplatmg  the  phenomenon  from  the 
summit  of  the  Hampelbande,  says  that  the  morning  of  the 
24th  had  not  its  usual  brilliancy,  and  rather  resembled  a 
winter  twilight.  On  the  25th,  mmiediately  after  sunset,  a 
deep  red  tint,  veiled  in  vapour,  covered  all  the  sky,  enve- 
loped the  horizon,  and  seemed  to  be  lost  in  the  zenith,  in 
the  form  of  red  rays.  At  this  moment,  a  violent  storm 
rose  in  the  S.W. ;  it  lasted  all  night  with  diminished  vio- 
lence ;  and  the  red  colour  disappeared  about  nine  o*clock. 

This  phenomenon  depends,  as  I  have  said,  on  vapours 
elevated  m  the  atmosphere.  From  the  24th,  the  barometer 
fell  at  Halle,  the  sky  was  not  of  a  deep  blue,  although  it 
was  clear ;  the  sun  had  the  dead  brilliancy  of  the  moon. 
This  state  of  the  atmosphere,  analogous  to  uiat  which  pre- 

*  It  htm  not  be«n  prored  thai  th«  long  twilights  of  the  north  are  not  dn« 
dmply  to  the  obliquity  of  the  diurnal  march  of  the  inn,  Inaamoch  aa  th« 
hei^t  of  the  atmoephere  there  la  probably  leas  than  at  the  equator,  a  cir* 
<minitanoe  which  has  a  marked  iaflueiioe  orer  the  duration  of  twilight.— SL 
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eedes  storms,  when  cirH  float  in  the  high  region  of  the 
atmosphere,  extended  over  a  great  part  of  Europe.  The 
long  twilights  attended  hy  storms  were  remarked  in  northern 
and  southern  Europe,  as  is  proved  hy  a  violent  hurricane 
that  hurst  over  Messina  on  the  27th  of  September.  During 
the  entire  summer  of  1831,  storms  were  very  frequent,  and 
there  were  hurricanes  in  the  West  Indies.  On  the  3d  of 
August  and  following  days,  the  brilliancy  of  the  twilight 
was  remarked  at  Odessa,  in  Germany,  at  Bome,  and  at 
Genoa ;  but,  at  the  same  time,  violent  storms  burst  in  many 
coimtries,  in  Kavarre,  in  Aragon,  at  St.  Giorgo,  and  in 
Silesia.  In  Switzerhuid  and  in  the  Tyrol,  the  S.W.  wind, 
that  accompanies  storms,  was  so  violent  that  there  were 
serious  inundations.  In  the  sea  of  Antilles,  terrible  hurri- 
canes desolated  Barbadoes,  on  the  11th  of  Aijurast;  and 
Jamaica,  Hayti,  and  St.  Vincent,  on  the  14th.  They  were 
connected  with  violent  storms  from  the  north,  which  made 
great  ravages  at  Cuba  and  in  Louisiana  on  the  16th  and 
17th. 

DAWN  AND  TWXXiiOHT. — We  have  already  seen 
that  their  duration  and  colouring  depend  on  the  state  of 
the  atmosphere.  If  the  air  is  filled  with  vesicular  vapour, 
and  the  sky  during  the  day  has  presented  a  whitish  aspect, 
then  the  red  is  more  or  less  dead  and  mingled  with  grey 
striae,  sometimes  of  a  deep  carmine  colour;  and,  even  during 
the  day,  the  part  of  the  SKy  below  the  sun  appears  more  or 
less  red.  It  is,  therefore,  certain  that  these  vapours  are  so 
arranged  as  to  allow  only  the  red  rays  to  pass.  Thus  in 
winter,  in  our  latitudes,  the  sky  is  frequently  red  through- 
out the  day ;  and  in  summer,  during  rainy  weather,  when 
fine  cirri  are  floating  in  the  atmosphere,  the  same  occurs 
several  hours  before  the  culmination  of  the  sun ;  but,  when 
the  sky  has  been  of  a  deep  blue  throughout  the  day,  then 
the  twilight  presents  a  yellowish  tint.  If  light  cwmdi  or 
cirro-cumuli  are  in  the  atmosphere,  they  are  beautiftilly 
coloured ;  and  in  the  intervals  oetween  them  are  observed 
the  green  tints,  of  which  we  have  already  spoken. 

This  red  colouring  of  the  clouds  is  connected  with  a 
phenomenon  that  I  have  frequently  observed  in  Switzerland,, 
and  which  is  named  the  rose-tint  of  the  Alps  (das  Gluhen 
der  Alpen),  A  short  time  after  sunset,  the  snowy  peaks  of 
the  Alps  appear  of  a  rose  colour ;  the  colour  then  becomes 
deeper,  and  finally  disappears,  when  the  shade  of  the  earth 
reaches  to  their  summits ;  the  snows  then  assume  a  bluish 
grey  appearance.  Sometimes  the  Alps  are  coloured  afresh, 
but  in  a  less  marked  manner,  and  not  for  so  long  a  time  as 
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at  first.  This  phenomenon  occnrs  for  the  most  part  when 
light  cumvU  or  cirro'cumuli  are  floating  in  the  west ;  the 
bare  surfaces  of  the  rocks  then  resemble  masses  of  incandes- 
cent iron.  Here  again,  the  reflected  red  rays  reach  the  eye 
in  the  greatest  numbers,  and  this  reappearance  of  the  rose- 
tint  certainly  arises  from  the  red  rays,  which,  being  reflected 
hy  the  atmosphere,  illuminate  the  summits  of  the  mountains 
a  second  time. 

The  appearances  of  twilight  depend  on  the  state  of  the 
sky ;  it,  therefore,  follows  that  they  may  serve  to  foretell, 
to  a  certain  extent,  the  weather  of  the  following  day ;  when 
the  sky  is  blue,  and,  after  sunset,  the  western  region  is 
covered  with  a  slight  purple  tint,  we  may  be  sure  that  the 
weather  will  be  fine,  especially,  if  the  horizon  seems  covered 
vrith  a  slight  smoke.  After  rain,  isolated  clouds  coloured 
red  and  well  illuminated  announce  the  return  of  fine  wea- 
ther. A  twilight  of  a  whitish  yellow,  especially  when  it 
extends  to  a  distance  on  the  sky,  is  not  a  si^  of  fine  weather 
for  the  following  day.  In  the  opinion  of  mose  who  live  in 
the  country*  we  must  expect  storms  when  the  sun  is  of  a 
brilliant  white,  and  sets  in  the  midst  of  a  white  light,  which 
ecarcely  permits  us  to  distinguish  it ;  the  prognostication  is 
Still  worse,  when  light  ctrrt,  that  give  the  stjr  a  dull  appear- 
ance, appear  deeper  near  the  horizon,  and  when  the  twi- 
light is  of  a  gre3ri8h  red,  in  the  midst  of  which  are  seen  por- 
tions of  a  deep  red,  that  pa^  into  ^y,  and  scarcely  per- 
mit the  sun  to  be  distinguished :  m  this  case,  vesicular 
Tapour  is  very  abundant,  and  we  may  calculate  on  wind 
ana  approaching  rain. 

The  signs  drawn  from  daybreak  are  somewhat  different; 
when  it  is  very  red,  we  may  expect  rain,  whilst  a  grey 
morning  announces  fine  weather.  The  reason  of  this  diner- 
ence  between  a  grey  dawn  and  a  grey  twilight  is  because, 
in  the  evening,  wis  colour  mainly  depends  on  cirri,  in  the 
mominff,  on  a  stratus,  which  soon  yields  to  the  setting  sun, 
whilst  the  cirri  become  thicker  during  the  night.  If  at  sun- 
rise there  is  enough  of  vapours  for  the  sun  to  appear  red,  it 
is  then  very  probable  that,  in  the  course  of  tne  day,  the 
ascending  current  will  determine  the  formation  of  a  thick 
stratum  of  clouds. 

BSiGHT  OF  THE  ATM08PBERS. — The  pressure 
that  the  particles  of  the  atmosphere  undergo  diminishes  as 
we  rise  above  the  level  of  the  sea ;  the  density  of  the  air 
diminishes  in  the  same  proportion.  K  we  could  observe  the 
barometer  and  thermometer  at  this  elevation,  it  would  be 
easy  to  deduce  the  density  of  the  atmosphere;  but  it  is 


414  OPTICAI.  PHEKOMENA  OF  THE  ATMOSPHESE. 

important  to  know  to  what  extent  this  diminution  of  density 
can  go,  whether  the  air  is  rarified  indefinitely,  or  whether 
this  refraction  has  a  limit.  Under  the  last  supposition,  the 
limit  of  the  atmosphere  would  he  found  at  a  point,  when 
the  air  would  he  so  rarefied  that  this  action  could  not  he 
carried  farther ;  if  this  rarefaction  could  goon  ad  in/hdhtm^ 
then  the  air  would  he  diffused  throughout  space,  and  each 
planet  would  form  an  atmosphere  for  itself.  It  is  difficult 
to  know  experimentally  whicn  of  these  suppositions  is  true ; 
for  we  cannot  expose  highly  rarefied  air  to  a  d^ree  of  cold 
equal  to  that  which  prevails  in  the  limits  of  the  atmosphere* 
It  appears  more  prohahle  that  this  rarefaction  of  the  air  is 
limited ;  for,  as  each  planet  draws  to  itself  a  part  of  the 
atmosphere,  refraction,  according  to  a  remark  made  by 
'WToUaston,  would  be  very  marked  in  these  planetary  at* 
mospheres.  Observations  shew  nothing  resembling  thiSL 
When  a  planet  passes  near  a  fixed  star,  the  apparent  pod* 
tion  of  tne  star  undergoes  no  change ;  its  rays  are  not 
divided  by  the  atmosphere  of  the  planet,  at  least,  so  fiu:  as 
the  most  attentive  ol»ervation  has  demonstrated. 

If  the  atmosphere  is  limited,  at  what  height  is  this  limit 
found  ?  We  have  sought  to  deduce  this  from  the  pheno- 
mena of  twilight.  Indeed,  from  the  apparent  height  of  the 
illuminated  segment,  and  from  the  known  distance  of  the 
van  below  the  horizon,  we  may  deduce  the  height  of  the 
last  aerial  particles,  capable  of  refiecting  light.  Supposing 
the  sun  18°  below  the  horizon,  we  find  from  60,000  to 
80,000  metres  as  the  height  of  the  atmosphere;  but  if  we 
make  more  accurate  measurements,  taking  from  moment  to 
moment  the  height  of  the  illuminated  segment,  and  com- 
paring it  with  the  depression  of  the  sun  bdow  the  horixon, 
we  find,  as  Brandes  and  Irfunbert  have  proved,  that  this 
mode  of  determination  is  very  inaccurate.  At  the  moment 
after  the  sun  has  set,  the  observer  sees  very  clearly  the  anti- 
crepuscular  segment  in  the  east ;  for  the  eye  is  less  dazzled 
by  light  coming  from  other  parts  of  the  sky.  When  the 
anti-crepuscular  segment  ascends  to  the  zenith,  all  the  sky 
situated  over  the  head  of  the  observer  is  illuminated  by  the 
light,  which  the  aerial  particles  reflect  from  west  to  east, 
and  it  is  then  more  difficult  to  recognise  its  limits  clearly. 
The  farther  the  sun  descends  below  the  horizon,  and  the 
more  the  light  is  limited  to  the  west,  the  more  also  does  the 
quantity  of  diffused  light  increase.  If,  therefore,  we  wish 
to  deduce  the  height  of  the  atmosphere  from  a  series  of 
measurements  of  tms  kind,  we  shall  obtain  higher  values,  in 
proportion  as  the  sun  descends  below  the  horizon. 
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Barometric  and  thermometric  measurements  cannot  lead 
to  any  result ;  for  we  neither  know  the  laws  of  the  decrease 
of  temperature  at  a  great  height,  nor  the  nature  of  the 
aerial  particles,  subjected  at  the  same  time  to  a  feeble  pres- 
sure and  a  yeiy  great  degree  of  cold  All,  therefore,  that 
has  been  said  respecting  the  height  of  the  atmospheres  is 
still  subject  to  doubt ;  but  we  may  affirm  that,  at  between 
fifteen  and  twenty  kilometres  above  the  surface  of  the 
earth,  the  density  of  the  atmosphere  is  almost  nothing 
(vide  Note  G). 

OREPUSGUUiB  HAYS.— When  a  cloud  intercepts 
the  liffht  of  a  part  of  the  atmosphere,  it  projects  a  shade 
that  obscures  a  part  of  the  sky.  In  tJie  fine  days  of  sum- 
mer, if  a  few  cumuli  are  floatii^  in  the  tky^  we  may  follow 
the  shade  they  cast  to  a  great  distance.  I?he  conyerse  phe- 
B<Hnenon  is  much  more  common.  Indeed,  when  a  great 
portion  of  the  sky  is  ooyered  with  douds,  especially  by 
cumuh'Stratus,  interrupted  by  light  spots,  then  the  sun 
shines  through,  and  the  air,  the  yesicular  yapour,  dust^ 
and  other  bodies,  floating  in  the  atmosphere,  seem  rays 
with  yarious  decrees  of  luminosity*  If  the  son  is  not  yery 
high  aboye  the  horizon,  these  rays  come  fixmi  the  sun ;  li, 
cm  the  contrary,  it  is  about  to  set,  the;^  rise  in  the  atmo- 
sphere under  the  form  of  arcs  of  sreat  cuxsles,  which  would 
cut  each  other  in  a  point  situated  below  the  horizon,  and 
cm  the  right  Une,  thatjoins  the  centre  of  the  sun  and  the 
eye  of  the  obseryer.  These  rays  are  parallel  to  each  other.; 
and  their  apparent  curyature,  as  well  as  their  diyergence  in 
the  neighbourhood  of  the  zenith,  are  merely  a  consequence 
of  the  effects  of  perspectiye ;  the  more  distant  they  are  from 
OS,  the  less  does  their  deviation  seem,  because  the  visual 
angle  becomes  less :  it  is  a  similar  illusion  to  that  which  we 
experience  in  an  avenue  bordered  by  two  parallel  rows  of 
trees,  which  yet  seem  to  approach  at  the  faither  end.* 

It  is  commonly  said  that  crej^uscnlar  rays  announce 
rain,  an  opinion  which  is  not  devoid  of  reason.  This  phe- 
nomenon occurs  for  the  most  part  when  the  sun  is  near  the 
horizon;  but,  on  fine  days,  the  clouds  have  there  disap- 


*  Readers,  who  are  interested  In  this  subject,  wIU  find.  In  the  Annalea 
de  ChinUe  et  de  Pkusiquet  t.  Ixz.  p.  129,  a  memoir  by  T.  Nkksb  db  Saussubc, 
in  which  this  phUotopher  treats  In  detail  the  jdienomena  of  crepuscular 
n^TS>  And  of  the  second  rose  colouring  of  the  snowy  peaks  of  Switaeerland. 
His  explanation  of  crepuscular  rays  is  the  same  as  that  of  M.  Kasmtz  ;  but 
the  second  colouring  of  the  Alps  appears  to  him  an  effect  of  contrast.  The 
white  pealcs  of  the  Alps,  being  first  projected  on  an  Illuminated  sky,  and  then 
on  the  shades  of  the  earth,  appear  to  be  again  coloured,  although  their 
whiteness  remains  the  same. — M. 
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peared,  or  are  ready  to  disappear.  When  the  atmosphere 
is  loaded  with  vapours,  all  the  circumstances  that  may  pro- 
duce this  phenomenon  are  united ;  hut,  in  these  cases,  there 
are  also  great  chances  of  rain.  Between  the  tropics,  where 
showers  generally  fall  at  the  moment  of  the  greatest  diurnal 
heat,  this  phenomenon  appears  to  he  more  rare  than  in  the 
high  latitudes. 

REFRACTION  OF  UGHT. —Although  the  air  has 
only  a  feeble  influence  over  li^ht,  yet  observations  carefully 
made  prove  that  a  ray  of  light  does  not  reach  our  eye 
without  a  deviation,  except  when  it  comes  from  a  point 
situated  at  our  zenith,  or  from  a  terrestrial  obiect  at  the 
aame  height  as  the  eye ;  because  then  all  the  thickness  of 
atmospheric  stratum  that  it  traverses  is  of  uniform  density. 
In  dl  other  cases  the  ray  is  refracted,  and  in  such  a  manner 
that,  if  we  imagine  the  different  strata  to  be  of  different 
densities,  Uie  rays,  in  passing  from  a  less  dense  into  a  denser 
medium,  approach  a  perpendicular  raised  on  the  refracting 
surface,  n,  therefore,  a  ray  from  a  star  reaches  us,  it  tra- 
verses strata,  the  densities  of  which  continue  increasing;  it 
approaches  the  vertical,  and  the  star  a^^cars  to  us  higher 
aoove  the  horizon  than  it  actually  is.  This  displacement  ia 
greater  as  the  angle  of  height  is  less.  Rays  oominf  from 
uie  zenith  do  not  undergo  any  deviation,  because  they  are 
perpendicular  to  all  the  separating  surfaces  of  the  strata. 
The  refraction  is  as  great  as  it  can  be  when  the  star  is  in 
the  plane  of  the  horizon,  for  then  it  appears  elevated  O'^  SO' 
above  that  plane ;  in  like  manner,  when  the  sun  sets,  it  is 
elevated  about  30',  and,  as  this  angle  is  equal  to  that  which 
its  apparent  diameter  subtends,  it  follows  that  in  reality  its 
upper  edge  is  already  tangent  to  the  horizon,  when  its  lower 
eoge  apparently  touches  it. 

In  ajl  observations  on  the  height  of  stars,  refraction  must 
be  accounted  for;  and  astronomers  have  endeavoured  to 
determine  exactly  the  value  of  this  angle  for  the  different 
heights  of  the  barometer  and  thermometer.  There  is  often 
a  notable  difference  between  the  refraction  observed  and  the 
refraction  calculated  from  these  elements ;  but  we  should 
not  forget  that  our  instruments  merelv  indicate  the  density 
of  the  air  at  the  surface  of  the  earth,  and  that  winds,  or 
other  causes,  may  modify  the  laws  of  decrease  of  density,  so 
that  it  may  be  very  different  from  that  found  by  analysis. 
These  exact  measures  of  astronomic  refraction  will  render 
great  service  to  Meteorology,  in  that  they  will  throw  a 
bright  light  ui)on  the  more  or  less  rapid  decrease  of  tern* 
pcrature. 
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ON   THB  80XNTILXULTXOM   OF  THB   8TAS8.— In 

our  countries  the  stars  do  not  always  appear  motionless  in 
their  place,  they  sometimes  seem  to  oscillate  around  the 
point  they  occupy  in  the  celestial  yault  At  the  same  time 
the  intensity  of  their  light  changes ;  it  increases  or  dimi- 
nishes bv  yery  short  interyals ;  sometimes,  dso,  their  colour 
varies,  tne  red,  green,  and  blue  rays  in  turn  become  pre- 
dominant, especially  when  these  stars  approach  the  horizon. 
This  scintillation  is  much  more  remarkable  in  the  fixed 
stars  than  in  the  planets;  which  latter  rarely  present  it. 
HowcTer,  when  the  scintillation  of  the  stars  is  veiy  great, 
the  planets  also  scintillate,  as  I  have  seen  Jupiter  do,  when 
situated  near  the  horizon. 

The  scintillation  is  not  equally  yivid,  whatever  be  the 
position  occupied  by  the  star.  It  is  frequently  in  the  neigh- 
bourhood of  the  horizon  that  the  scintillation  is  the  greatest 
possible,  whilst  it  is  nothing  in  the  zenith;  nor  is  it  the 
same  under  all  circumstances.  Mnsscheninroeck  relates 
that  in  Holland  it  is  very  vivid  during  intense  cold  and 
with  a  dear  sky :  it  is  the  same  in  other  countries.  From 
my  own  observations,  it  is  very  marked  when  violent  winds 
prevail  in  the  atmosphere,  and  when  the  sky  is  alternately 
serene  and  cloudy. 

As  this  phenomenon  is,  for  the  most  part,  manifested 
when  aerial  currents  of  different  temperatures  are  moving 
one  over  the  other,  it  follows  that  its  mtensity  is  not  always 
the  same.  Between  the  tropics,  when  the  trade-wind  blows 
with  great  regularity  during  the  dry  season,  the  stars  scin- 
tillate, accor£ng  to  M.  de  Humboldt,  near  the  horizon. 
JoL  Condamine  confirms  this  testimony ;  but  he  adds  that, 
in  Peru,  this  scintillation  is  less  vivid  than  in  Europe.  In 
Persia  and  Arabia,  it  is  observed  in  winter ;  however,  it  is 
not  so  great  as  in  our  countries. 

The  cause  of  this  phenomenon  resides  in  the  unequal 
refraction  which  light  undergoes  in  strata  of  air  alternately 
colder  and  hotter :  ViielUo  had  long  since  explained  it,  by 
movements  of  the  air,  but  Hooke  was  the  first  to  shew 
that  it  is  due  to  the  mixture  of  strata  of  air  unequally 
heated.  We  may  convince  ourselves  of  this,  adds  he,  by 
looking  beneath  a  piece  of  warm  class  at  a  distant  object : 
the  latter  seems  to  change.  Indeed,  if  the  light  of  a  star,  S, 
pi.  V.  fig.  1,  reaches  the  upper  surface  of  the  atmosphere,  in 
the  direction  S  C,  it  is  renracted  in  its  passage  through  each 
of  the  strata  CC,  DH,  &c.,  and  the  ray  CDEF  reaches  the 
eye  of  the  observer  placed  at  E ;  the  latter,  therefore,  sees 
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the  star  in  the  direction  F  E.  Suppose  now  that  the  stratum 
of  air  D£  is  suddenly  dispkced,  and  replaced  by  another  of 
different  density,  then  the  ray  CD  will  not  be  refracted  in 
DF,  but  in  DI,  and  will  not  reach  the  eye ;  it  is  the  ray 
CHF  that  arrives  there,  and  the  star  that  appeared  to  be 
in  the  direction  FD  is  found  in  the  line  FH.  If  this  new 
mass  of  air  has  no  great  volume,  or  if  its  temperature  differs 
but  little  from  that  of  the  mass  which  it  replaces,  then  the 
displacement  and  the  change  in  the  intensity  of  the  light 
are  not  very  notable.  Planets  scintillate  less  than  stiurs^ 
because,  as  the  latter  appear  to  us  as  points,  the  least  dis- 
placement, were  it  merely  5  seconds,  would  be  sensible  to 
our  eye.  The  planets  having^  an  apparent  diameter  of  30 
or  40  seconds,  it  is  more  difficult  to  appreciate  their  ap- 
parent change  in  volume ;  however,  through  telescopes  we 
frequently  see  the  edges  scintillate,  especially  if  they  are 
near  the  horizon.  Under  certain  circumstances,  the  same 
phenomenon  is  observed  on  the  circumference  of  the  limb 
of  the  sun.  We  can  easily  imagine,  that  the  light  passing 
from  stars  situated  near  the  horizon,  which  has  a  much 
longer  course  to  traverse,  may  on  its  way  meet  with  a 
mixture  of  strata  of  air  of  more  variable  density  than  those 
do  that  are  placed  above  the  head  of  the  observer. 

Scintillation  not  only  consists  in  the  displacement  of  the 
star,  but  also  in  changes  in  its  brilliancy  and  colour.  AL 
Araro  deduced  these  two  orders  of  phenomena  from  the 
interference  of  luminous  rays.  Lummous  rays  that  form 
together  a  small  angle,  and  cut  each  other,  may  be  mutually 
reduced  and  increased;  under  certain  circumstances  they 
destroy  each  other,  and  this  fact,  which  is  inexplicable  if  we 
consider  light  as  a  material  emanation,  is  a  very  simple  con- 
sequence of  the  system  of  undulations,  and  even  the  best 
proof  that  may  be  given  of  its  reality.  Throw  a  stone  into 
quiet  water,  tnere  will  be  formed  a  svstem  of  concentric 
circular  waves,  the  common  centre  of  which  will  be  the 
point  where  the  stone  fell.  Now,  throw  two  stones  at  the 
same  time,  at  a  certain  distance  from  each  other,  each  of  the 
systems  of  circular  waves  will  extend  as  if  it  were  isolated, 
and,  at  the  point  where  the  two  waves  meet,  their  form  is 
not  changed,  merely  their  height  is  increased.  When  the 
hollow  interval  between  two  waves,  or  the  furrow  that 
separates  two  successive  waves,  meets  the  interval  of  two 
waves  of  the  other  system,  the  furrow  becomes  deeper ;  but 
if  on  a  certain  point  the  wave  of  one  svstem  tends  to  raise 
the  water,  white  the  wave  of  the  other  system  tends  ta 
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lower  it,  these  two  opi>osite  movements  destroy  each  other, 
and  the  water  is  quiet,  or  much  less  agitated  than  if  there 
were  only  one  system  of  concentric  circfes. 

The  system  of  undulations  teaches  us  that  the  intensity 
of  lifi;ht  increases  when  the  luminous  particles  oscillate 
greatly  around  their  mean  position,  as  a  bell  or  a  chord 
resounds  more  powerfully  at  the  moment  when  they  are 
moved,  because  tneir  oscillations  are  then  greatest  The  am- 
plitude of  these  oscillations,  that  is  to  say,  the  deviations  of 
two  successive  waves,  are  not  the  same  for  the  different 
rays  of  the  spectrum;  as  in  the  different  tones  of  the 
musical  gamut,  one  of  them  makes  in  a  second  a  number  of 
oscillations  less  by  one-half  than  that  which  is  an  octave 
higher :  hence  it  follows  that  the  amplitude  of  the  oscil- 
lations of  the  first  ia  double  that  of  the  second.  Exact 
measurements  have  proved  that  the  deviation  of  two  waves 
is  less  as  we  advance  from  the  red  toward  the  blue  end  of 
the  spectrum. 

Tnese  principles  being  established,  we  may  easily  deduce 
from  them  the  changes  in  the  intensity  and  colour  of  a  star. 
Among  the  rays  which  leave  it  simultaneously,  and  which 
are  differently  refracted,  a  great  number  unite  cither  in  our 
eye,  or  in  their  course  through  the  atmosphere.  If  they  so 
meet  each  other  that  their  waves  are  united,  they  mutually 
reinforce  each  other ;  but,  if  a  wave  is  added  to  an  interval, 
then  they  weaken  or  destrov  each  other :  hence  the  alter- 
nate increase  and  decrease  of  light.  As,  in  the  atmospheric 
state  that  we  have  described,  the  refraction  changes  at  every 
moment,  the  rays  also  meet  and  reinforce  or  reduce  eacn 
other  every  instant.  As  the  light  that  comes  from  the  stars 
is  susceptible  of  decomposition  into  its  elementary  colours, 
}]ke  that  coming  from  the  sun,  we  must  attribute  its  in- 
crease and  its  diminution  to  the  meeting  of  its  elementary 
rays.  It  may,  therefore,  happen  that  the  red  is  annihilated 
by  the  meeting  of  two  rays  of  this  colour,  whilst  the  blue 
becomes  more  intense :  the  star  will  then  appear  blue ;  a 
second  afterwards,  the  contrary  may  occur,«and  the  star  will 
assume  a  red  tint. 

MIRAGE. — Like  as  the  rays  that  come  from  the  stars 
are  refracted  so  that  they  appear  to  us  more  elevated,  so 
also  those  that  come  from  terrestrial  objects  undergo  an 
analogous  deviation.  This  consideration  is  of  the  highest 
importance  for  the  measurement  of  mountains  by  land- 
Burveying.  It  is  only  when  the  object  is  in  the  zenith,  or 
in  the  same  horizontal  plane  as  our  eye  (supposing  the 
stratum  containing  both  to  be  of  the  same  density),  that 
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there  is  no  refraction :  this  last  condition  is  seldom  realised, 
on  account  of  the  action  of  the  ground  on  the  aerial  strata 
with  which  it  is  in  contact 

Look  at  distant  objects  during  calm  and  fair  weather,  or 
at  the  shadow  projected  by  trees  on  a  surface  heated  by  the 
sun,  you  will  see  their  form  continually  osdllatinff ;  this 
effect  is  much  more  marked,  if  we  look  through  a  telescope 
at  objects  situated  in  the  horizon.  Very  frequently  pieces 
of  the  horizon  seem  to  be  detached,  and  to  float  in.  the  air» 
and  then  fiill  a^n.  If  the  object  is  small,  it  will  appear 
double  or  multiple:  thus  M.  Blot,  on  loolong  through  a 
telescope  at  a  very  distant  %ht,  saw  it  double,  the  coloured 
and  extended  image  was  pukced  vertically  above  the  real 
liffht.  An  instant  after,  instead  of  two  lights  he  saw  several, 
which  app^ued  and  disappeared  at  r^^lar  intervals ;  the 
lowest,  \mich  were  nearest  to  the  leal  light,  were  the 
largest  and  most  brilliant.  Sometimes  objects  situated  in 
the  middle  of  a  plain  appear  double,  and  several  images  are 
formed  abov^e  and  beneath  them :  this  phenomenon  is  known 
under  the  name  of  mirage^  on  the  nortn  coast  of  Gremiany  it 
is  called  Kimmung. 

Let  O  (pi.  V.  ^.  4)  represent  the  eye  of  the  observer : 
the  line  HH'  represents  the  horizon.  K  the  ra^  OH 
traversed  a  stratum  of  air  of  equal  density,  the  object  H 
would  be  seen  in  the  place  it  really  occupies ;  but,  if  the 
weather  is  calm,  and  the  earth  highnr  heated,  the  tempera- 
ture diminishes  rapidly  from  the  sur&ce  of  the  ground,  and 
the  change  of  density  in  the  lower  strata,  which  is  the  con- 
sequence, changes^e  refractions.  The  ray  II'C,  in  passing 
at  C  from  a  hotter  into  a  colder,  and  consequently  a  denser 
stratum  of  air,  approaches  the  vertical :  and,  as  thb  effect 
takes  place  in  eacn  stratum,  it  follows  that  it  describes  the 
curve  H'C  A,  and  does  not  reach  the  eye :  but  another  lower 
ray  describes  the  curve  HDO,  and  reaches  the  eye,  and,  the 
object  seen  at  H  appearing  inverted,  we  m^ht  imagine  that 
it  is  reflected  on  a  transparent  liquid.  The  illusion  is  the 
stronger,  as  the  rays  from  the  points  intermediate  between 
H  and  H'  do  not  reach  the  eye,  and  it  appears  as  if  there 
were  a  void  space  in  the  neighbourhood  of  the  inverted 
image ; — a  space,  which  we  are  the  more  tempted  to  regard 
as  water,  because  the  currents  of  air  that  mix  make  the 
objects  tremble,  and  resemble  a  surface  agitated  by  wind. 
If  the  air  is  colder  at  the  surflice  of  the  sea,  or  of  fields  of 
ice,  than  it  is  a  few  decimetres  above,  the  inverted  image 
is  above  the  object ;  and  above  the  first  image  is  a  second 
that  is  not  iuyerted.     woiiaston  points  out  a  yery  simple 
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experiment,  by  which  this  phenomenon  is  realised :  a  cubical 
Teasel  with  plane  surfaces  is  selected ;  into  this  is  poured 
first  water  and  then  sulphuric  acid  by  means  of  a  funnel^ 
the  extremity  of  which  touches  the  bottom.  When  the 
experiment  is  carefully  made,  the  sulphuric  acid  occupies 
the  bottom  of  the  vessel,  but  its  strata  go  on  diminishing  in 
density  as  the^  approach  the  surface  of  the  water.  If  now 
we  place  behind  the  vessel  a  paper  covered  with  a  few 
letters,  and  the  eye  is  on  the  same  horizontal  line,  we  may 
see  the  object  directlv  and  by  refraction. 

The  mirage  for  tne  most  part  occurs  in  extensive  plains, 
when  the  weather  is  calm,  and  the  ground  heated  by  the 
sun ;  the  plains  of  Asia  and  Africa  have  become  celebrated 
in  this  respect :  thus,  during  the  expedition  of  Egypt,  the 
French  army  frequently  experienced  cruel  deceptions.  The 
ground  of  Higher  Egypt  forms  a  plain  perfectly  horizontal ; 
the  villages  are  situated  on  small  eminences,  in  the  morn- 
ing and  evening,  thev  appear  in  their  projjer  places,  and  at 
their  real  distance ;  but,  when  the  ground  is  mghly  heated, 
the  country  resembles  a  lake,  and  the  villages  appear  built 
on  islands,  and  reflected  in  the  water.  As  we  approach,  the 
lake  disappears,  and  the  traveller,  devoured  by  thirst,  is 
deceived  in  his  hope.  This  phenomenon  is  so  common  in 
these  countries,  that  the  Koran  designates  every  thing 
deceitful  by  the  word  serab,  which  means  mirage.  It  says, 
for  example :  ^  The  actions  of  the  incredulous  are  like  the 
serab  of  the  plain ;  he  who  is  thirsty  takes  it  for  water,  and 
&ids  it  to  be  nothing."  Although  it  is  more  common  in  the 
East,  vet  the  mirage  exists  in  our  plains  much  more  fre* 
quently  than  is  imagined,  expeciaily  when  we  bring  the 
bead  near  the  surface  of  the  ground :  I  have  obser^'ed  it  in 
the  neighbourhood  of  Halle,  in  the  country  of  Magdebourg, 
and  on  the  coasts  of  the  Baltic,  where  I  often  have  thougnt 
myself  in  the  midst  of  a  large  bed  of  water. 

If  the  ground  is  colder  than  the  air  in  contact  with  it, 
then  the  temperature  of  the  aerial  strata  rapidly  increases 
with  the  height,  and  we  not  only  see  above  the  object  its 
inverted  image,  but  the  visual  circle  of  the  spectator  is  sin- 
gularly augmented.  Bcoresby  made  a  great  number  of 
observations  of  this  kind  in  the  seas  about  Greenland.  June 
19,  1822,  the  sun  was  venr  hot,  and  the  coast  suddenly 
appeared  to  come  25  or  35  kilometres  nearer ;  the  different 
eminences  were  so  raised  that  they  were  seen  as  easily  from 
the  deck  of  the  ship  as  they  were  before  from  the  fore-top. 
The  ice  in  the  horizon  assumed  singular  forms,  the  larger 
blocks  seemed  columns ;  icebergs  and  fields  of  ice,  a  chain 
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of  prismatic  rocks ;  and,  in  many  places,  the  ice  appeared 
to  be  in  the  air  at  some  minutes  above  the  horizon.  Ships, 
that  were  in  the  neighbourhood,  assumed  the  most  whim-> 
deal  forms ;  in  some,  the  mainsail  seemed  reduced  to  nothings 
whilst  the  foresail  ap]ieared  four  times  larger  than  it  really 
is ;  the  topsail  appeared  shortened.  There  were  also  other 
whimsical  appearances.  Above  the  topsails  was  seen  a  sail 
resembling  top-gallant-sails  loose  from  the  bolt -rope;  in 
others,  the  topsail  seemed  divided  into  two,  inasmuch  as  the 
true  sail  was  separated  &om  its  image  by  an  interval  Abov9 
distant  ships,  their  own  image  was  seen  inverted  and  mag- 
nified; in  some  cases,  it  was  very  high  above  the  ship,  and 
then  it  was  always  smaller  than  the  original.  The  image  of 
a  ship,  that  was  itself  below  the  horizon,  was  seen  for 
several  minutes ;  a  ship  was  even  surmounted  by  two  ships, 
one  in  the  right  position,  the  other  inverted.  Some  days 
later,  Scoresby  saw  the  same  appearances:  "The  most 
curious  phenomenon,"  said  he, "  was  to  see  the  inverted  and 
perfectly  distinct  image  of  a  ship,  that  was  below  our 
norizon.  We  had  ob^rved  similar  appearances;  but  the 
peculiarity  of  this  was  the  distinctness  of  the  image,  and  the 
great  distance  of  the  ship  it  represented.  Its  ouuine  was  so 
weU  marked,  that,  on  looking  at  this  image  through  one  of 
l>oliond's  telescopes,  I  distinguished  the  details  of  the 
ringing,  and  of  the  huU  of  the  vessel,  I  recognised  it  aa 
bemg  my  father's  ship ;  and,  when  we  compared  our  log* 
books,  we  saw  that  we  were  then  55  kilometres  apart,  namely, 
31  kilometres  beyond  the  real  horizon,  and  many  myria- 
metres  beyond  the  limit  of  distinct  vision." 

Tliere  is  a  mirage,  in  the  proper  acceptation  of  the  term, 
when  we  see  below  the  object  its  inverted  image ;  and  then 
the  air  is  hotter  in  the  neighbourhood  of  the  ground  than 
at  a  certain  height.  This  phenomenon  evidences  an  anonnal 
state  of  the  atmosphere,  and  the  calm,  indispensable  for  its 
production,  is  often  troubled  by  ascending  currents  and 
violent  ^es  of  wind :  so  that  several  observers  say  that  the 
mirage  is  the  precursor  of  a  tempest. 

CORONJS  AND  HAIiOS  IN  6EN£BAI>. — ^When  the 

light  coming  from  the  stars  falls  on  condensed  vapours  in 
the  vesicular  state,  or  on  icy  particles,  it  experiences 
different  modifications;  thence  follow  phenomena  known 
under  the  name  of  corona  and  hobs  ;  generally  these  two 
words  are  used  to  designate  phenomena  that  are  very  dif- 
ferent in  their  aspect  and  their  origin.  When  the  sky  is 
covered  with  light  clouds,  we  often  see  a  coloured  circle,  in 
which  red  predominates,  surrounding  the  moon  or  the  son; 
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its  diameter  onl^  comprises  a  few  degrees ;  at  other  times, 
several  concentric  rings  are  observed,  separated  by  intervals, 
in  which  green  predominates :  we  shall  designate  these  rings 
by  the  name  of  cormuB  {LicMkranz  or  Kranz^  G«rm.) ;  some 
authors  call  them  small  halos,  I  also  range  among  the 
coronse  that  phenomenon  in  which,  when  the  shadow  of  the 
observer  falls  on  a  clond,  the  head  appears  surrounded  by  a 
glory,  or  by  coloured  circles.  In  the  description  of  the  Biei, 
the  geographer  Keller  designates  this  phenomenon  by  the 
name  of  NebelbUd  (fog-image),  which  it  bears  on  the  Alps. 
On  the  Brocken  it  is  termed  the  spectre  of  the  Brockea 
(Brockengespettst) ;  it  is  sometimes  called  glory ;  we  shall 
name  them  antheUa  ( Oegensanne).  The  second  class  of  this 
phenomenon  constituAs  the  Judos  properly  so  called,  which 
may  be  named  large  halos ;  imder  this  name  we  comprise 
the  great  circles  that  surround  the  sun  or  moon,  and  the 
diameter  of  which  comprises  nearly  44^ :  they  are  attended  by 
circles  of  a  double  diameter,  hj  "parhehsi  (Nebensonnen),  and 
by  other  circles.  These  two  classes  of  phenomena  have  a 
very  different  origin,  the  former  are  formed  in  vesicular 
vapours,  the  others  in  crystals  of  ice. 

OF  CORONJB. — When  light  clouds  pass  before  the  sun 
and  weaken  its  ravs,  the  corona  is  more  or  less  regular. 
As  we  are  generally  too  much  dazzled  by  the  rays  of  the 
sun  to  distinguish  the  colour  surrounding  the  disc,  the  phe- 
nomenon is  more  frequently  noticed  round  the  moon;  in 
order  to  examine  it  round  the  sun,  we  should  use  a  mirror 
blackened  on  one  of  its  surfaces:  the  reflection  then  so 
reduces  the  brilliancy  of  the  rays,  that  we  can  study  the 
colours  surrounding  the  sun. 

All  clouds  that  are  not  too  thick  to  prevent  the  light 
passing  through,  the  cirrus  and  the  cirro-stratus  excepted, 
present  traces  of  coronas :  but  the  brilliancv  of  the  colour  is 
not  always  the  same.  I  have  never  seen  them  so  beautiful 
as  fogs  that  arc  formed  during  the  night  in  the  valleys,  and 
rise  about  mid-day  to  the  summit  of  the  mountains.  When 
firagments  of  clouds  passed  between  myself  and  the  sun,  then 
the  colour  had  a  brilliancy  such  as  I  nad  rarely  seen ;  they 
are  no  less  beautiful  on  the  cirro-cumulus,  especially  when 
they  are  in  small  masses  of  a  dazzling  white,  and  the  edges 
of  which  are  so  confounded  that  we  can  scarcely  trace  oat 
their  outline  on  the  sky.  Clouds  of  the  same  form,  the 
edges  of  which  are  more  jagged,  and  which  I  class  among 
the  cumulo-stratus,  only  give  rise  to  incomplete  coronie :  we 
frequently  see  in  them  a  red  of  an  imdecided  tint  and  badly 
demied.    In  true  cumuhsy  the  mass  of  vesicles  is  often  so 
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gr^at,  that  light  cannot  traverse  them  in  sufficient  quantity 
to  produce  the  phenomenon ;  hut  we  often  see  the  coioiirs 
in  the  slight  flakes  that  are  detached  from  the  principal 
cloud  and  approach  the  sun :  this  phenomenon,  therefore,  is 
b^  no  means  rare,  for  it  may  be  observed  every  time  that 
light  clouds  pass  before  the  sun. 

K  the  corona  is  complete,  several  concentric  circles  are 
observed.  Near  the  sun  they  are  of  a  deep  blue,  the  second 
circle  is  white,  and  the  third  red,  which  terminates  the  first 
series ;  in  the  second  we  see,  still  going  in  the  direction  from 
the  centre  to  the  circumference,  purple,  blue,  green,  pale 
yellow,  and  red ;  the  series  is  rarely  thus  complete.  More 
frequently  we  observe  near  the  sun,  blue  mingled  with 
white,  then  a  red  circle  clearly  limited  within,  but  con- 
founded without  with  the  others.  If  a  second  red  circle 
exists  outside  this,  then  green  is  observed  in  the  interval,  by 
which  they  are  separated.  The  distance  of  this  circle  from 
the  centre  of  the  sun  varies  according  to  the  state  of  the 
clouds  and  the  atmosphere ;  I  have  found  it  from  1°  to  4°. 

According  to  the  fiuthful  researches  of  Fraunl&ofer,  these 
corona;  are  due  to  modifications  of  light,  known  by  the 
name  of  diffraction ;  and  although  it  is  impossible  ror  us 
thoroughly  to  analyse  the  laws  of  the  phenomenon,  without 
having  recourse  to  mathematics,  I  will  yet  endeavour  to 
explain  them  as  clearly  as  possible. 

Let  us  look  through  a  slit  made  with  a  penknife  in  a 
very  firm  sheet  of  paper  at  a  luminous  point,  such  as  the 
image  of  the  sun,  or  that  of  a  distant  taper  reflected  by  a 
blacKcned  watch-glass,  or  the  bulb  of  a  thermometer,  we 
shall  see,  on  both  sides  of  the  luminous  point,  a  series  of 
coloured  images.  I^  instead  of  white  li^tit,  we  had  ope- 
rated on  a  cofoured  ray,  such  as  that  obtained  by  makmg  it 
pass  through  coloureSl  glass,  we  shall  obtain  a  series  of 
objects,  separated  by  dark  intervals;  but,  all  things  else 
bemg  equal,  the  deviation  of  the  red  will  be  less  than  that 
of  the  blue  rays.  This  phenomenon  is  due  to  the  waves 
continuing  their  course  through  the  slit ;  but  the  edees  of  the 
latter  become  the  point  of  departure  for  fresh  undulations, 
which  act  by  interference,  either  upon  each  other  or  upon 
the  direct  waves ;  so  that,  in  certain  points,  there  is  dark- 
ness, in  others,  an  increase  of  light ;  hence  follows  the  alter- 
nation of  light  parts  and  dsu-k  bands.  The  distance  of  these 
images  from  the  luminous  point  depends  on  the  length  of 
the  %vave  of  light  employed.  Let  us  take  a  white  light,  the 
dark  band  of  the  red  ray  will  fall  where  two  blue  rays  are 
added  together :  this  point,  therefore,  will  appear  blue.   The 
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exact  calculation  of  the  position  of  each  of  these  isolated 
colours  gives  intervals  that  perfectly  accord  with  experiment. 

The  phenomena  are  stiU  more  remarkable,  if,  instead  of 
s  single  slit,  we  consider  several  of  equal  size  and  equi- 
distant ;  the  effect  of  each  is  augmented  by  the  others.  Trace 
with  a  diamond  on  a  plate  of  glass  several  equidistant  lines, 
and  then  look  througn  it  at  the  flame  of  a  candle :  you  \dU 
see  around  the  flame  coloured  rays,  the  direction  of  which  is 
perpendicular  to  that  of  the  scratches.  If  a  series  of  lineff 
nad  been  traced  perpendicular  to  the  former,  two  systems  of 
images  would  have  been  obtained,  crossing  each  other  at 
right  angles ;  these  effects  may  be  seen,  although  somewhat 
imperfectly,  by  looking  through  a  piece  of  very  thin  muslin. 
If  the  transparent  parts  were  not,  as  in  this  case,  in  parallel 
series,  but  arranged  arbitrarily  in  space,  although  grouped 
symmetrically  round  a  point,  the  image  would  rorm  circles, 
of  which  the  centre  would  be  the  luminous  point :  this  is 
what  Fraunhofer  saw  on  looking  at  a  distant  luminous 
point  throueh  a  great  number  of  min  films,  or  small  glass 
balls  placed  between  plates  of  the  same  substance.  The 
luminous  point,  when  examined  through  this  apparatus,  was 
surrounded  with  coloured  rings :  it  may  be  seen,  but  not  so 
well,  by  dimming  a  glass  with  the  breath,  and  looking 
through  at  a  distant  lignt ;  as  the  different  parts  of  the  plate 
have  different  transparency  and  refracting  properties,  a 
multitude  of  systems  of  'waves  result,  which  act  on  each 
other  by  interference,  and  thus  produce  the  different  colours. 
When  windows  have  not  been  cleaned  for  a  long  time,  a 
slight  film  of  dust  and  smoke  is  formed  on  their  surface ; 
and,  as  these  opaque  particles  are  rarely  of  the  same  thick- 
ness, the  flame  of  a  taper,  when  examined  through  this 
fflass  will  be  surrounded  by  a  coloured  corona,  which  will 
be  circular,  because  the  particles  that  impart  the  light  are 
arranged  symmetrically  around  an  ideal  line  joining  the 
light  and  the  eye.  The  phenomenon  is  produced  witn  re- 
flected as  well  as  with  direct  light.  Had  we,  in  the  latter 
case,  examined  the  image  of  the  flame  of  a  taper  reflected  by 
a  plate  of  glass  dimmed  with  the  breath,  we  should  also  have 
seen  around  it  a  circular  corona,  in  the  same  manner  as  we 
see  on  scratched  glass  coloured  bands  on  both  sides  of  the 
reflected  image.  The  deviation  of  the  image  depends  here, 
as  in  the  preceding  cases,  on  the  deviation  of  the  rays. 

If  the  vesicles  of  fog  are  not  too  numerous,  and  are  of 
equal  diameter,  then  they  act  upon  the  light  of  the  sun  in 
the  same  manner  as  the  smoke  on  a  plate  of  glass  does ;  the 
sun  is  surrounded  by  a  luminous  circle,  the  diameter  of 
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which  depends  on  that  of  the  vesicles.  These  two  dzes  are 
80  intinuitely  connected,  that  the  measure  of  the  diameter  of 
the  corona  is  the  best  means  for  knovring  that  of  the  vesicles 
of  fog ;  and  it  is  the  means  that  is  employed  in  order  to 
obtain  the  numbers  given  in  p.  111.  Kthe  vesicles  of  va* 
pour  in  the  atmosphere  have  not  the  same  size,  then,  aooord- 
ang  to  the  laws  or  diffraction  we  shall  not  obtain  luminous 
corons,  but  merely  a  luminous  aureola. 

Whoever  has  studied  these  phenomena  is  convinced  of 
their  variability.  Let  it  suffice  to  allude  to  the  rainbow 
colour  of  clouds.  When  white  clouds,  the  edges  of  which  are 
parallel  to  the  horizon,  and  which  have  the  form  of  cirro* 
cumuhu,  are  in  the  neighbourhood  of  the  sun,  we  observe, 
by  means  of  a  blackened  mirror,  vivid  prismatic  colours 
under  Uie  form  of  parallel  fringes  at  the  edfe  of  the  doud, 
and  often  at  ten  degrees  distance  from  the  sun.  These 
fringes  are  generally  green  within,  and  bordered  by  two  red 
lines,  they  are  regukrly  distributed  in  the  cloud,  and  at 
different  distances  from  the  sun.  The  vesicles  have  pro- 
bably, at  certain  points,  very  unequal  dimensions,  wnich 
destroy  the  symmetry  of  the  circle,  and  foretell  approaching 
Tain. 

ANTHBXOA. — ^If  the  Bun  is  near  the  horizon,  and  the 
shadow  of  the  observer  falls  on  grass,  or  a  field  of  coin,  or 
any  other  surface  covered  with  dew,  then  he  observes  a 

flow,  the  li^ht  of  which  is  vivid,  especially  near  his  head^ 
ut  whidi  diminishes  from  this  centre.  This  %ht  is  due  to 
the  reflection  of  light  by  the  moist  stubble  and  drops  of  dew  ; 
it  is  more  vivid  around  the  head,  because  the  stubble,  situ- 
ated in  the  neighbourhood  of  the  shadow  of  the  head,  shew 
to  it  all  their  iUuminated  portion,  whilst  those  that  are  more 
distant  shew  to  it  parts  that  are  illuminated  and  others  that 
are  not,  which  diminishes  their  brilliancy  in  proportion  to 
the  diameter  of  the  head.  As  the  stubble  has  a  cylindrical 
form,  it  follows  that  the  glory  is  a  little  elongated  in  the 
vertical  direction. 

The  anthelia  seen  'by  Bonyuer  in  the  Cordilleras,  and 
since  by  several  travellers  in  other  countries,  is  always  ex- 
perienced in  this  manner.  Seoresby  has,  however,  described 
it  in  detail ;  according  to  his  observations,  the  phenomenon 
is  seen  in  the  polar  regions  every  time  that  there  is  fog  and 
sunshine  simultaneously.  I  have  verified  this  iact  on  the 
Alps.  As  soon  as  my  shadow  was  projected  on  a  cloud,  my 
head  appeared  surrounded  by  a  luminous  gloiy.  In  m^ 
polar  seas,  when  the  stratum  of  fog  that  is  not  very  thick  is 
resting  on  the  sea,  and  rises  to  the  height  of  90  or  100 
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metres,  an  observer  placed  on  the  foremast,  twenty-five  or 
thirty  metres  above  the  sea,  perceives  one  or  several  circles 
on  the  fog.  These  circles  are  concentric ;  and  their  common 
centre  is  on  the  straight  line  which  goes  from  the  eye  of  the 
observer  to  the  fog  on  the  side  opposite  to  that  where  the 
son  is.  The  number  of  the  circles  varies  from  one  to  five; 
they  are  generally  numerous  and  well  coloured  when  the 
mm  is  very  brilliant  or  the  fog  thick  and  low.  On  July  2dd, 
1821,  Scoresby  saw  four  concentric  circles  around  his  head : 
the  first  was  white,  yellow,  red,  and  purple;  the  second 
blue,  green,  yellow,  red,  and  purple;  the  third,  green, 
whitish,  yellowish,  red,  and  purple;  the  fourth,  greenish, 
white,  and  deeper  on  the  edges.  The  colours  of  the  first 
and  second  are  veiy  vivid;  Uiose  of  tiie  third,  only  visible 
at  intervals,  were  very  faint ;  and  the  fourth  presented  only 
a  alight  tinge  of  green.  The  semi-diamirters  of  these  cirdea 
were  of  the  following  lengths : — semi-diameterB  of  No.  4, 
jntenud  edge,  36^  5&,  external  edge,  41°  to  42°;  semi- 
diameter  of  No.  3,  6**  30';  semi-diameter  of  No.  2,  4°  45' ; 
of  No.  1,  V  45\  The  circle,  No.  4,  to  which  ScoNsby 
assigned  a  diameter  of  about  40°,  appeared  to  be  very  un- 
common ;  however,  I  have  never  seen  it  more  than  two  or 
three  times  in  the  Alps,  perhaps  because  the  clouds  were  too 
email.  We  must  consider  it  as  a  rainbow  formed  in  the 
amall  drops,  so  that  I  need  not  in  the  present  place  dwell  on 
it  at  greater  length.* 

Bousmtr  thought  that  the  phenomenon  of  the  anthelia  was 
due  to  the  passage  of  light  through  frozen  particles.  This 
is  likewise  the  opinion  of  M.  de  8a.iumre  and  Seoreabji 
Imt  Bamond  mentions  that  he  has  seen  it  in  the  Pyrenees,  at 

•  The  author  Beemi  to  admit  here  that  the  greenish  white  circle,  or 
ScoasBBT'B  circle,  No.  4,  ia  an  ordinary  rainbow,  appearing  white,  becauae  its 
colours  are  Tery  pale ;  but  it  is  difflcult  to  be  of  this  opinion,  if  we  regard  the 
measurements  that  hare  been  made  of  this  arc.  The  observations  of  Boo- 
Gun  and  Uxxoa,  in  Peru,  give  33^  90'  as  the  radius ;  that  of  ScoassBT,  38**  MK; 
the  mean  of  the  two  obsorrations  of  M.  Kaxmtx,  39*  48' ;  M.  BaAVAis  found 
45*  as  a  measurement  made  at  Bell  Sound  (Spitsbergen),  and  38*  64'  trom 
the  mean  of  flre  measurements  made  on  the  FMilhom  in  184 1 .  The  general 
mean  of  these  five  numbers  Is  3r  12'.  This  angle  is  very  different  from  the 
angle  41*  30^,  which  represents  the  mean  radius  of  the  ordinary  rainbow,  in 
order  that  this  circle  mav  be  considered  a  vertical  rainbow. 

BooassBT  remarked,  that  this  circle  presented  a  slight  greenish  tinge.  In 
the  three  appearances  that  occurred  to  M.  Bbavais,  he  never  saw  any  thing 
Uke  this :  but  once  only  he  thought  he  distinguished  a  vei?  feeble  reddish 
tint  in  the  exterior  part  of  the  circle. 

The  cause  of  this  phenomenon  is  not  yet  well  understood.  Is  the  cloud 
on  which  it  is  produced  formed  of  liquid  water,  or  of  frosen  particles  ?  Tho 
fiormer  of  these  two  opinions  is  the  more  probable.  It  is  remarkable,  that 
this  cloud  is  more  fVequently  situated  very  near  the  observer,  and  sometimes 
at  a  few  metres  distance.  The  circle  to  which  we  here  alluded  sometimes 
bean  the  name  of  the  cirde  qf  VUoa  or  the  white  rainbow, -^JiL 
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temperatures  daring  which  we  could  not  suppose  that  there 
were  frozen  particles  in  the  air;  he  reverts,  at  the  same  time, 
to  an  observation  made  by  M.  Omalins  d'Halloy,  Au^^ost 
27th,  1 807,  in  the  neighbourhood  of  Spa.  My  own  observations 
in  the  Alps  confirm  this  opinion,  for  I  have  frequently  had 
a  temperature  of  10°  in  the  neighbourhood  of  the  fog.  The 
whole  of  the  phenomenon  may  be  deduced,  as  M.  Fn.iuiliorer 
has  veryr  well  shews,  from  the  diffraction  of  light.  This 
theory  is  confirmed  by  the  observations  in  which  I  first  saw 
a  corona,  when  the  cloud  was  between  myself  and  the  sun, 
and  then  an  anthelia  when  it  was  in  a  direction  opposite  to 
that  of  the  sun.  The  light  is  reflected  more  powerfully  in 
the  neighbourhood  of  the  head  by  the  vesicles  of  fog  as  by 
blades  of  grass,  for  we  then  receive  the  light  sent  to  us  by 
the  posterior  and  anterior  faces :  thus,  therefore,  the  bril- 
liancy of  the  light  must  go  on  decreasing  from  this  centre. 
When  these  reflected  rays,  before  reaching  the  eye,  pass 
through  other  vesicles,  they  are  then  diffracted,  and  coloured 
rings  are  produced. 

HAXaoa. — ^These  optical  phenomena  are  so  complicated 
that  it  is  even  a  difficult  task  to  describe  them;  few  ob- 
servers have  seen  them  completely ;  and  even  during  the 
observation  their  appearances  o^n  change.  I  will  here 
relate  the  description  given  by  iKiwitm  of  the  one  he  ob- 
served at  St.  Petersburg,  June  29th,  1790.  For  a  long  time 
we  had  no  other  exact  description ;  but,  on  the  12th  of  May, 
1821,  Hoff  and  Kries,  at  uotiia,  described  a  second  very 
complete  one;  and  March  27th,  1826,  Schuit,  Haiwte«n, 
and  Seceike,  saw  similar  phenomena  in  Norway. 

At  St.  Petersburg,  the  air  was  loaded  with  haze,  and  the 

Ehenomena  lasted  from  7  hours  30  minutes  a.m.  until  12 
ours  30  minutes,  though  it  has  not  at  all  periods  the  same 
intensity.  The  foUowmg  are  the  principal  facts  (pi.  v. 
fig.  3)  :-^ 

1st.  A  ring,  22^  in  diameter,  the  centre  of  which  was 
occupied  by  the  sun  a ;  it  was  coloured  red  within,  and  of  a 
pale  blue  on  the  exterior.  It  is  generally  a  single  circle. 
XtowltB  saw,  in  place  of  it,  two  circles  cdhe^  which  cut  each 
other  above  and  below ;  in  Norway,  three  have  been  seen. 
According  to  Apinns,  who  considered  these  circles  to  be 
ellipses,  tnejr  would  be  very  common. 

2d.  A  cu'cle  z  z  z^oi  which  the  sun  is  the  centre,  and 
which  is  also  coloured.  In  general,  it  presents  more  de- 
cided  colours  than  the  former ;  its  diameter  is  about  double. 

3d.  An  horizontal  white  circle  a  h  z  g  h  f  c^  passing 
through  the  sun,  and  taking  the  course  of  Qie  horizon. 
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4th.  There  were  on  this  circle  five  parhelia,  two  of 
them,  z  and  y,  a  little  heyond  the  small  circle ;  they  are 
generally  found  at  the  point  of  intersection  of  this  vertical 
circle  with  the  horizontal.  Thegr  appeared  coloured,  and 
their  red  side  was  turned  toward  the  sun ;  they  had  bril- 
liant elongations,  that  extended  in  the  direction  xz  and  yz 
on  the  horizontal  circle;  the  coloured  arcs,  xi  and  yk^ 
that  came  from  them,  have  never  been  seen  again  by  any 
one. 

5th.  The  third  parhelion  h  was  placed  on  the  laree 
horizontal  circle,  opposite  to  the  sun :  it  was  of  a  piue 
white. 

6th.  The  fourth  and  fifth  parhelia,  /  and  gy  were,  in 
like  manner,  white :  all  observers  agree  on  this  point.  They 
are  seen  more  rarely ;  they  appear  to  exist  at  the  points  of 
intersection  of  a  cirde  with  a  radius  of  about  90°  (of  which 
the  sun  is  the  centre),  with  the  horizontal  circle. 

7th.  Above,  at  d  the  interior  circle  shone  with  so  much 
brilliancy,  that  the  eye  could  scarcely  support  it.  Verti- 
cally above  the  sun,  the  interior  circle  is  also  more  lumi- 
nous ;  and  a  convex  arc  is  frequently  observed  in  it  towards 
the  sun. 

8th.  Lowitx  saw  a  similar  arc  in  r  «  /,  at  the  lower 
part  of  this  circle ;  it  was  very  large  and  extremely  bril- 
uuit,  but  of  a  semi-diameter  less  than  that  of  each  of  the 
others. 

9th.  At  the  culminating  point  z,  of  the  great  vertical 
circle,  he  saw  the  arc  p  z  q^  which  was  convex  toward  the 
sun ;  it  was  as  brightly  coloured  as  the  circle  zzz»  It  is 
always  placed  vertically  above  the  sun,  and  at  the  same 
distance  as  the  circumference  zzz, 

10th.  liowits  saw  also  two  arcs  Wa  and  A  m  a,  which. 
passed  through  the  parhelion  h  ;  and  which  he  has  drawn 
as  passing  also  through  d,  the  culminatiuff  point  of  the  in- 
tenor  cime ;  they  were  white,  and  so  pale,  that  many  per- 
sons could  not  distinguish  them,  iiowlts  says  that  they 
cut  each  other  in  the  brilliant  r^on  near  d^  but,  as  Bchuit 
makes  them  pass  through  the  sun,  Braades  thinks  that 
that  body  is.  their  true  point  of  intersection,  but  that  there 
is  a  difficulty  in  following  them  so  far.  These  two  ar^  are 
Tarely  seen;  nevertheless,  other  observers  have  pointed 
them  out,  and  say  that  they  cut  each  other  at  an  angle 
of  60^ 

11th.  Finally,  Lowits  saw  two  other  circles,  W  and  vr', 
tangents  to  the  great  vertical  circle ;  their  tangental  points 
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oo  were  distant  about  60° ;  their  size  and  colouring  were 
those  of  the  rainbow :  they  are  also  very  rare.* 

Lunar  and  solar  halos  are  more  common  than  we  are 
apt  to  imagine ;  there  is  often  a  doubt  in  the  public  news- 
papers, where  observers  describe  them  as  rambows.  We 
shall  see  presently  that  the  origin  of  the  rainbow  and  its 
position  relative  to  the  sun  are  very  different  from  that  of 
halos.  Halos,  indeed,  generally  exist  between  the  observer 
and  the  sun ;  the  rainbow,  on  the  contrary,  is  formed  in 
the  part  of  the  heavens  opposite  to  the  sun,  to  which  latter 

*  The  pUte  in  the  frontispiece  represents  a  solar  halo  observed  at  Piteo 
in  Sweden,  by  M.  Bbavais  and  myself,  4th  October,  1839.  Although  this 
halo  waa  far  from  being  so  complete  as  that  given  by  the  author  (pi.  t. 
flg.  3),  it  yet  produces  the  appearances  that  are  less  rarely  seen,  with  tiM 
arrangement  of  colours,  proper  to  the  different  parts  of  the  phenomenon. 

The  heteht  of  the  sun,  during  the  observation,  varied  from  13"  toSfP; 
but,  not  to  increase  the  size  of  the  figure  too  muoh,  this  height  has  bcoi 
considerably  diminished  in  the  drawing. 

The  projection  of  the  phenomenon  is  made  on  a  vertical  above,  perpen- 
dicular to  the  vertical  plane  contahiing  the  sun  and  the  observer;  this 
circumstance  explains  why  the  different  circles  present  elliptical  or  ex- 
tended hyperbolic  forms. 

The  arc  tangent  to  the  halo  of  47*,  ike  circumxenithal  external  arc,  wis 
▼ery  brilliant  during  our  observation ;  and  the  dlAerent  tints  of  the  solar 
spectra  were  as  distinctly  evident  as  in  an  ordinary  rainbow.  This  are 
extended  considerably  either  to  the  right  or  left.  On  ideally  Joining  its 
two  extremities  vrith  the  senith  of  the  place,  a  section  of  about  90*  was 
formed ;  It  was  the  azirmUhal  amplitude  of  this  arc.  Moreover,  it  appeared 
horizontal  to  the  eye. 

This  result  is  oonlbrmably  to  the  theory  of  these  circumxenithal  arcs 
(^Bcrtihrungsbogen),  given  by  M.  Galle  in  PooaEKDoarF's  Annates^  U  xliz* 
pp.  261-272. 

We  observed  that  the  two  parhelia  opporite  to  the  sun  were  placed  a 
little  beyond  the  ordinary  halo,  which  accords  with  the  theoretical  expUa*. 
tion  given  by  meteorologists. 

The  phenomenon  lasted  firom  9  a.m.  till  3  p.m. 

About  two  o'clock,  I  observed  on  the  horixontal  circle  two  new  parhelis* 
situated  about  45**  fh>m  the  sun.  They  were  visible  for  only  a  few  momenta 
on  a  group  of  white  cumulus^  and  disappeared  with  the  arrangement  of 
clouds,  by  which  they  had  been  rendered  visible. 

The  plate  on  the  frontispiece,  beginning  from  abore  downwards,  re|ii«- 
sents: — 

1st.  The  external  circumxenithal  arc,  presenting  the  tints  of  the  spae- 
trum ;  It  corresponds  with  the  arc  p  zq  (pi.  v.  flg.  3). 

2d.  The  extraordinary  halo,  or  exterior  vertical  circle  of  47S  correspond- 
ing to  the  arc  xzx. 

3d.  An  arc  tangent  to  the  ordinary  halo,  or-  interior  circle,  which  In 
flg.  3  would  be  tangent  at  if. 

4th.  The  ordinary  halo,  or  interior  vertical  circle,  of  22"  radius,  replaced 
in  flg.  3,  by  two  circumferences,  dec  and  dbe'^  cutting  each  other  at  d 
and  tf. 

5th.  The  son  placed  in  the  centre  of  the  ordinary  halo,  and  siq^posed  at 
a  in  fig.  3. 

6th.  The  horizontal  or  parhelic  circle,  passing  through  the  son,  and  eat" 
responding  to  the  circle  a  2/ A  f  z  a  of  flg.  3. 

7th.  The  two  parhelia  placed  a  littie  beyond  the  point  of  intersection  of 
the  ordinary  halo,  and  the  horixontal  circle,  corresponding  to  the  point 
X  and  jr  of  ilg.  8.— M. 
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the  observer  turns  his  back.  Frequently  there  are  but 
portions  of  the  halo,  which  can  only  be  seen  by  the  assist- 
ance of  a  blackened  mirror,  and  not  by  looking  at  them 
directly. 

Lunar  halos  are  visible  when  the  stars  are  not  very 
brilliant;  during  the  day,  the  sky  has  a  dull  appearance, 
and  the  horizon  is  white.  The  appearance  of  tne  sky  is, 
therefore,  that  which  accompanies  coronte.  The  arrange- 
znent  of  clouds  is  not  the  same  in  the  two  cases.  The 
coTomd  occur  in  the  middle  of  cumulusy  halos  in  cirrus; 
there  are  not  any  clouds  that  do  not  present  traces  of  them ; 
and,  although  the  opinions  of  different  observers  are  at 
variance,  every  thing  I  have  seen  convinces  me  of  the 
correctness  of  my  own. 

Some  authors  insist  that  they  have  seen  halos  and  coronse 
at  the  same  time  round  the  sun  or  the  moon ;  but,  from  my 
own  observations,  this  coexistence  is  very  rare,  and  then 
even,  on  taking  all  circumstances  into  the  account,  we  find 
that  coronse  are  found  in  ctimu/t»,  floating  in  the  lower 
regions  of  the  atmosphere,  and  which  are  frequently  so 
attenuated,  that  they  cannot  be  seen  without  looking  at  the 
flky  with  much  attention :  thus,  therefore,  these  two  phe- 
nomena are  distinct.  Moreover,  in  coronas,  the  red  is  more 
distant  from  the  sun  than  the  blue ;  the  contrary  is  the  case 
with  halos:  we  are  forced  to  conclude  that  balos  are  an 
effect  of  refraction.  Mariotte  had  admitted  that  light  is 
refracted  in  small  crystals  of  snow;  all  the  observations, 
made  since  his  time,  have  given  the  highest  degree  of  pro- 
bability to  this  opinion.  Not  onlv  are  the  dimensions  of 
halos  precisely  those  given  by  calculation  on  this  hypothesis, 
but  we  may  in  winter  convince  ourselves  directly  of  this. 
In  this  season,  when  small  transparent  crystals  are  floating 
in  the  atmosphere,  they  frequently  appear  tinted  with  pris- 
matic colours ;  if  their  distance  from  the  sun  is  measured, 
we  find  that  it  is  the  same  as  that  of  the  halos.  As  all 
mathematical  considerations  are  excluded  from  this  work,  I 
must  refer  to  my  Treatise  on  Meteorolo^, 

Brandes,  who  made  the  most  assiduous  researches  on 
halos,  and  in  which  he  developes  the  ideas  of  Ventoii  and 
Fraunliofer,  divides  the  circles,  that  he  has  seen  during  a 
halo,  into  three  categories :  1st,  the  circles  of  which  the  sun 
occupies  the  centre ;  2d,  circles,  that  pass  through  the  sun ; 
^d,  and  tangent  to  the  circles  of  the  first  class. 

CIRCIiES,  OF  WHICH  THS  SUN  OCOXJPZB8  THB 

CBNTBB. — Let  US  begin  by  studying  the  circles  of  the 
first  class.    When  a  ray  of  the  sun  is  refracted  by  an  im- 
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movable  prism,  the  inddent  and  the  refracted  ra^'s  make 
together  an  angle  depending  on  the  substance,  on  the  angle 
of  the  prism,  and  also  on  that  under  which  the  ray  is  inci- 
dent ;  if  the  angle  of  incidence  varies,  that  of  the  refracted 
ray  varies  with  it.  However,  calculation  and  experiment 
prove,  that  there  is  a  position  of  the  prism  in  wnich  the 
angle  of  incidence  may  vary  without  uie  direction  of  the 
re&cted  ray  beinff  sensibly  changed.  Take  a  glass  prism, 
and  present  it  to  tne  incident  ray  of  the  sun  in  such  a  man- 
ner tnat  the  refracted  ray  deviates  as  much  as  possible  from 
the  incident  ray;  turn  the  prism  slowly  round  its  axis, 
measuring  the  angle  of  rotation ;  the  direction  of  the  re- 
fracted ray  continues  to  increase  in  deviation  from  that  of 
the  incident  ray,  and  this  change  is  very  rapid.  But,  if  we 
continue  to  turn  the  prism,  it  finally  takes  such  a  position 
that  the  prism  may  be  turned  several  degrees  without  the 
direction  of  the  refracted  ray  being  sensibly  changed.  In 
this  position,  the  incident  and  the  refhicted  rays  make  to- 
gether the  smallest  possible  angle ;  it  is  the  position  of  the 
minimum  of  deviation.  This  minimum  of  deviation  is  import- 
ant for  consideration  in  these  and  in  the  following  researches. 

Imagine  now  a  series  of  identical  prisms,  placed  one 
above  the  other,  so  that  their  axes  are  on  the  same  straight 
line ;  but  that,  on  the  lower  one,  the  incident  ray  coinddes 
with  the  vertical,  whilst  in  the  second,  it  deviates  1%  in  the 
third,  2°,  &c. ;  we  shall  see,  on  a  white  surface  placed  behind 
these  prisms,  a  series  of  spectra,  the  horizontal  distance  of 
which  increases  from  bdow  upwards,  so  that  it  is  scarcely 
sensible  for  the  lowest  in  the  neighbourhood  of  the  minimum 
of  deviation.  If  the  axes  of  these  prisms  were  not  in  a 
straight  line,  but  so  inclined,  that  all  the  spectra  coindded 
with  a  horizontal  line,  some  of  them  would  cover  each  other, 
and  form  white  light ;  in  this  point,  therefore,  we  should 
see  a  band  of  white  li^ht.  It  is  only  in  the  neighbourhood 
of  the  nrntimum  of  deviation  that  these  spectra  do  not  com- 
pletely cover  each  other.  Furthermore,  the  same  colours 
of  the  different  spectra  would  coindde,  and  the  result  would 
be  a  single  prism  very  deeply  coloured,  in  which  the  red  is 
generally  very  intense ;  because  the  red  of  the  extremity  of 
the  spectrum  is  less  mingled  with  foreign  tints  than  the 
blue,  which  recdves  some  red  rays  from  the  strongly  re- 
fracting prisms,  and  forms  white.  In  the  interval  between 
this  red  and  the  space,  where  the  direct  light  of  the  sun 
falls,  there  is  only  difiused  light,  and  this  interval  appears 
dark. 

Instead  of  a  single  series  of  prisms  arranged  vertically 
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above  each  other,  let  us  imagine  a  great  number  differently 
inclined  to  the  horizon ;  each  wOl  produce  the  same  phe- 
nomenon :  only  the  spectra  will  not  only  cover  each  other 
in  the  horizontal  direction,  but  on  a  line,  the  inclination  of 
which  depends  on  that  of  the  prisms.  If  the  number  of 
these  senes  is  very  great,  there  will  finally  result  a  lumi- 
nous circle  in  which  the  red  colour  will  be  within,  and  in 
which  very  pale  blue  will  pass  into  clear  white.  This 
circle  is  produced,  merely  because  a  great  number  of  spectra 
are  placed  side  by  side  around  the  sun,  and  form  a  conti- 
nuity like  the  Milky  Way  and  the  nebulae,  which  are  also 
composed  of  isolated  pomts.  The  following  experiment, 
very  simple  as  it  is,  explains  the  mode  of  the  formation  of 
this  circle,  the  centre  oi  which  is  a  luminous  point.  Take 
a  glass  plate  from  two  to  four  centimetres  sc[uare,  and  coat 
in  on  one  side  with  a  solution  of  alum :  if  the  plate  is 
placed  horizontally,  and  the  solution  is  uniformly  spread, 
crystals  of  alum  will  be  found  after  evaporation,  the  lateral 
faces  of  which  will  have  the  same  inclination  on  the  surface 
of  the  plate.  K  we  look  at  a  distant  luminous  point  through 
this  plate,  as  the  homologous  faces  of  the  crystals  reflect 
the  light  in  the  same  direction,  we  see  a  series  of  points 
presenting  prismatic  colours,  that  are  arranged  in  concen- 
tric circles,  or  unite  into  circles  and  continuous  arcs,  if  the 
crystals  are  very  numerous.  When  the  evaporation  takes 
place  rapidly,  the  crystals  are  smaller,  and  the  circle  is  not 
so  clearly  defined ;  we  may  also  fix  the  plate  of  glass  at 
the  extremity  of  a  tube  of  pasteboard  blackened  on  the 
interior,  and  terminated  at  the  other  extremity  by  a  circle, 
the  centre  of  which  is  pierced  by  a  circular  hole. 

Small  crystals  of  ice  floating  in  the  atmosphere  reflect 
light  in  this  way.  We  have  seen  that  flakes  of  snow  are  re- 
ducible into  prisms,  the  surfaces  of  which  form  angles  of  60°.* 
If  a  prism  of  this  kind  is  turned  upon  itself  in  the  atmo- 
sphere, rays  continually  leave  it  and  reach  the  eye,  but  dis- 

*  The  priama  fbrmed  by  water  in  congealing  are  not  triangular,  but  hex- 
agonal ;  their  two  contiguous  faces  are  inclined  to  each  other,  not  at  60^,  but 
at  120°.  A  diedral  angle  thva  opened  cannot  allow  any  ray  of  light  to  pass : 
the  ray,  after  having  traversed  the  first  face,  if  it  reaches  the  second,  expe- 
riences there  a  total  reflection,  which  sends  it  bacic  into  the  interior  of  the 
crystal. 

It  ia  not  the  same,  if  we  consider  two  faces  separated  by  an  Intermediate 
face;  these  two  faces,  ideally  prolonged,  cut  each  other  exterior  to  the 
prism,  at  an  angle  of  60^ ;  it  ia  the  binary  combinations  of  the  two  Cices,  tlnia 
placed,  which  become  rays  of  the  sun,  and  produce  the  halo. 

This  arrangement  is  easily  explained,  by  considering  the  prism  as  the 
result  of  the  Junction  of  two  triangular  prisms,  alternate  as  far  as  oonoems 
the  position  of  their  summits,  and  placed  as  is  shewn  in  the  central  part  of 
I>1.  iv.  fig.  I5.~B. 
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appear  immediately  afterwards ;  but  it  is  evident  that  the 
ray  will  strike  the  eye  for  the  longest  possible  time,  when 
its  elevation  shall  attain  its  mintmum.  If  the  number  of 
these  prisms  is  very  great,  it  will  then  happen  that  we  shall 
receive  at  the  same  time  the  rays  refracted  by  one  prism 
at  the  moment  when  those  from  the  other  are  disappearing, 
so  that  the  impression  on  our  eye  will  be  permanent,  tu- 
though  the  rays  are  not  sent  to  it  by  the  same  crystals.  In 
the  position  oi  the  minimum  of  deviation,  we  shall  see  around 
the  sun  and  the  moon  a  brilliant  circle,  red  within,  of  a  pale 
blue  or  a  brilliant  white,  which  is  confounded  with  the 
azure  of  the  sky,  without.  As  a  great  number  of  the  prisms 
surrounding  the  sun  send  their  spectra  toward  the  coloured 
ray,  or  eveU  further,  we  receive  from  this  space  only  the 
light  reflected  by  the  aerial  particles  on  the  face  of  the 
prisms;  and  the  consequence  is,  that  this  space  is  darker 
than  that  which  is  without  the  circle. 

Experience  conflrms  all  these  data  of  theory.  If  we  con- 
sider a  halo  attentively,  we  shall  see  that  the  external  edge 
is  distinguished  by  an  ill-defined  dark  colour,  which  is  fre- 
quently greyish,  and  the  more  marked  as  the  halo  is  more 
brilliant ;  if  we  examine  the  distance  separating  the  middle  of 
the  red  from  the  centre  of  the  sun,  we  shall  find  it  to  be  between 
21°  50'  and  22*^.  On  calculating  this  distance  from  the  well- 
known  refracting  power  of  ice,  we  find  exactly  the  same  dis- 
tance ;  and  the  calculation  also  shews  that  the  light  must  be 
very  vivid  in  the  position  of  the  minimum  of  deviation.  On 
turning  an  equilateral  prism  around  its  axis,  so  that  the 
angle  of  incidence  each  tune  increases  by  one  d^ee,  we  find 
only  120  possible  positions,  and  among  these  only  20,  or 
one-sixth  of  the  whole,  which  are  such  that  the  light  under- 
goes a  minimum  of  deviation,  or  only  deviates  40'. 

The  explanation  of  the  second  circle  (halo  extraordinary), 
the  red  border  of  which  is  also  turned  toward  the  sun,  and 
is  45^  from  it,  presents  greater  difficulties.  Brandes  thinks 
that  there  is  perhaps  a  refraction  in  two  prisms  situ- 
ated one  behind  the  other ;  Fraunliofer  and  Schmidt,  that 
the  prisms  of  ice  with  six  surfaces  are  terminated  by  pyra- 
mids with  hexagonal  bases,  the  faces  of  which  are  inclined  at 
angles  of  90'^  and  that  the  second  circle  is  an  effect  of  the 
retraction  of  light  in  these  pyramids.  But  the  luminous 
intensity  of  this  circle  will  be  always  less  than  that  of  the 
first,  and  consequently  it  would  not  be  seen  so  frequently.* 

*  Every  one  agrees  in  the  explanation  of  the  halo  of  S2^  radius;  but  It 
is  not  so  in  respect  to  the  extraordinary  halo  of  46^  or  47*^  radios. 

However,  of  the  two  rival  hypotheses,  it  now  spears  that  the  fi»nn«r 
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The  third  circle  is  still  more  rare;  and  we  possess  no 
complete  observation,  with  the  exception  of  Herei's.  It  is 
90°  distant  from  the  sun ;  and  the  violet  is  nearer  the  sun 
than  the  red :  which  distinguishes  it  from  the  two  others  at 
first  sight.  Here  the  ray  falls  on  the  prism,  so  that  the  pos- 
terior surface  reflects  it  completely,  and  refracts  it  after  this 
total  reflection,  as  we  shall  see  presently  for  the  rainbow. 

OIROXaES  PASSINa  THROUOR  THE  SVN.^When 

the  sun  is  near  the  horizon,  a  portion  of  the  vertical  circle 
may  rise  above  it  in  the  form  of  a  column.  On  June  8th, 
1824,  appearances  of  this  kind  were  seen  in  several  parts  of 
Germany.  At  Dohna,  near  Dresden,  at  8  p.m.,  at  the  mo- 
ment when  the  sun  was  disappearing  behind  the  mountains, 
Xaohnnaiin  saw  a  luminous  band,  perpendicular  to  the  cre- 
puscular arc,  and  like  the  tail  of  a  comet ;  this  column  was 
30°  degrees  high,  and  1°  wide.  As  darkness  arrived,  the 
brilliancy  of  this  column  diminished ;  at  the  same  time,  the 
column  became  rounder  at  the  upper  extremity,  and  short- 
ened very  rapidly ;  light  vaporous  clouds  floated  before  the 
column,  untd  it  disappeared:  these  probably  were  cimu. 
The  same  phenomenon  occurred  next  day  at  sunrise ;  and  it 
was  frequently  seen  afterwards.  It  is  not  so  common  to  see 
a  band  beneath  the  sun  or  moon,  and  still  less  so  to  see  a 
horizontal  one  pass  through  the  sun,  so  that  this  body  shall 
appear  in  the  middle  of  a  cross.  Roth  saw  this  phenomeifon 
very  distinctly,  Jan.  2,  1586,  at  Cassel.  Before  the  sun 
appeared,  a  luminous  vertical  column,  of  equal  diameter 
with  the  sun,  shone  at  the  spot  where  it  was  about  to  rise ; 
it  resembled  a  brilliant  flame,  only  its  brilliancy  was  uniform 
throughout  its  height.  An  image  of  the  sun  soon  appeared, 
so  brilliant  that  it  was  taken  for  the  sun  itself;  scarcely  had 
this  parhelion  quitted  the  horizon,  when  the  sun  rose  imme- 
diately beneath,  followed  by  a  repetition  of  the  upper  co- 
lumn.   This  column,  with  its  three  suns,  continued  to  retain 

(Baavdu*)  must  be  rejected ;  for,  according  to  this  hypothesis,  the  radius  of 
the  extraordinary  halo  would  be  exactly  double  the  radius  of  the  ordinary 
halo,  and  its  Talue  would  be  48^  or  44° ;  this  value  is  decidedly  tco  low  to  re- 
present the  obserration. 

The  hypothesis,  therefore,  remains,  which  explains  the  extraordinary 
halo  by  a  refraction  through  a  diedral  angle,  whose  faces  are  inclined  to 
each  other  90".  M.  Oallb  has  Jtistly  obserred,  that  it  was  not  necessary  to 
have  recourse  to  the  six;additional  faces,  by  which  FiAuiruoFEa  terminates 
his  hexagonal  prisms,  so  that  they  finish  in  hexagonal  pyramids ;  it  is  sufH- 
<dent  to  close  the  prism  by  two  fitces  perpendicular  to  its  axis,  so  that  there 
becomes  a  right  hexagonal  prism :  this  mode  of  Tie  wing  it  is  entirely  conform- 
able to  what  is  known  respecting  the  crystallisation  of  hoar-frost,  or  of  snow 
(as  pi.  It.  figs.  3,  28,  29,  30,  &c.)  prove.  Each  base  of  the  prism,  in  according 
with  each  of  the  six  lateral  fkoes,  forms  six  diedral  angles  of  90O ;  and  it  is 
through  these  diedral  aneles,  in  the  proper  positions  of  the  prism,  that  the 
breaking  of  the  light,  which  causes  the  extraordinary  halo,  is  effected.— B. 
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a  vertical  position ;  the  three  suns  were  perfectly  similar, 
only  the  true  one  was  brighter.  The  phenomenon  lasted 
about  an  hour. 

In  my  Treatise  an  Meteorology,  I  have  said  that  small 
flakes  of  snow  may  unite  by  their  extremities  and  form 
parallel  filaments.    These  filaments  disperse  light  in  the 
same  manner  as  a  plate  of  glass  covered  with  a  fatty  body, 
when  continually  rubbed  in  the  same  direction  with  the 
palm  of  the  hand,  is  covered  with  parallel  striae,  which  dis- 
perse light,  and  produce  a  pencil  of  light  perpendicular  to 
the  plane  of  the  striss.    This  analogical  idea  is  confirmed  by 
the  fact,  that  I  have  seen  these  columns  whenever  filaments 
of  cirrus  existed  in  the  atmosphere  in  the  neighbourhood  of 
the  sun.     However,  one  observation,  bearing  the  date  of 
Jan.  23,  1838,  shews  that  this  idea  is  incorrect,  and  leads  us 
to  explain  the  entire  phenomenon,  with  Braades,  to  the  re- 
flection of  crystals  of  snow.    For  several  hours  I  perceived 
above  the  sun  a  vertical  luminous  column,  about  10°  in 
height.    The  sun  being  6^  above  the  horizon,  and  I''  above 
some  buildings  that  had  hidden  it  from  my  view,  I  saw  be- 
neath the  sun  an  analogous  column ;  but  what  is  most  re- 
markable is,  that  this  column  was  continued  to  the  ground 
from  the  sun  to  me ;  the  air  was  clear,  and  the  temperature 
varied  throughout  the  duration  of  the  phenomenon  between 
—'19^,6  (eight  o'clock)  and  — 10°,2  (noon).    Many  frozen 
particles  were  floating  in  the  air ;  and,  between  the  sun  and 
myself,  I  perceived  a  great  many  luminous  points  on  a 
space,  the  diameter  of  which  was  a  little  greater  than  that 
of  the  sun :  these  brilliant  points  appeared,  and  then  sud- 
denly disappeared,  and  the  smallest  number  appeared  in  lu- 
minous lines,  which,  being  driven  onward  by  a  feeble  west 
wind,  traversed  the  band  throughout  its  length.    Had  the 
flakes  been  more  numerous,  or  my  station  more  elevated,  so 
that  I  could  have  seen  a  greater  number  of  points  beneath 
me,  I  should  undoubtedly  nave  seen  a  continuous  luminous 
mass,  and  I  should  not  have  perceived  the  motion  of  the  iso- 
lated points.    All  these  brilliant  lines  were  white ;  I  rarely 
observed  coloured  points.    The  shortest  distance  of  the  scin- 
tiUating  points  was  at  most  three  decimetres ;  for,  in  front  of 
the  window  at  which  I  was  making  my  observations,  there 
was  a  balcony,  the  iron  bars  of  which,  being  about  a  metre 
distant  from  each  other,  served  as  a  term  of  comparison, 
whilst  the  luminous  points  passed  between  them.    The  phe- 
nomenon remained  till  mid-day ;  but,  several  hours  aher- 
wards,  I  saw  isolated  brilliant  points  situated  vertically  below 
the  sun.    There  are  no  phenomena  of  refraction  here,  but 
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merely  effects  of  reflection.  All  the  isolated  flakes  of  snow 
that  I  examined  were  composed  of  little  hexahedral  films, 
the  largest  of  which,  of  about  the  size  of  a  pin*s  head,  were 
very  brilliant.  Many  crystals  passed  near  me  without  re- 
flecting light,  because  they  were  not  in  a  favourable  position. 
A  short  time  after  sunrise,  I  perceived  a  portion  of  the 
circle  with  22"*  radius  in  the  east ;  as  I  saw  luminous  points 
between  my  eye  and  the  terrestrial  objects  situated  m  the 
direction  indicated  by  theory. 

Besides  this  vertical  circle,  another  is  frequently  observed, 
called  parhelic  circle  (vide  pi.  v.  fig.  S,  ay  g  hfx,  and  the 
figure  on  the  frontispiece),  which  makes  the  circuit  of  the 
horizon,  to  which  it  is  parallel,  or  nearly  so ;  this  circle  is  an 
efiTect  of  the  reflection  of  crystals  of  snow,  the  reflecting 
surfaces  of  which  are  almost  vertical,  as  Httysens  supposed ; 
whilst  Framilfcofer  and  Schmidt  deduced  the  phenomenon 
from  the  diffraction  of  light. 

Brandes  explains,  in  the  same  manner,  the  circles  h  I  a 
and  A  m  a  (pi.  v.  fig.  3) ;  he  thinks  they  are  engendered  by  the 
reflection  or  prisms,  making  an  angle  of  60°  with  the  vertical. 

PARHElalA.  (Nebensonnen). — They  always  exist  in  the 
point  where  two  circles  cut  each  other ;  and  consequently, 
when  there  are  two  producing  causes  of  light :  it  is  gene- 
rally at  the  point  where  the  vertical  and  horizontal  circle 
cut  each  other ;  and  they  are  even  observed  where  there  is 
no  trace  of  either  of  these  (pi.  v.  fig.  3,  x  y,  and  the  plate  on 
the  frontispiece).  They  possess  the  colours  of  the  interior 
circle,  and  freauentlv  a  prolongation  in  the  form  of  a  tail, 
the  direction  or  which  comcides  with  that  of  the  horizontal 
circle.  Exact  measurements  prove  that  the  parhelia  do  not 
occur  exactly  at  the  point  of  mtersection  of  the  two  circles, 
but  that  they  are  at  a  little  distance  from  the  sun.  Ventnrl 
explains  this  circumstance,  by  saying,  that  refraction  in 
vertical  prisms  does  not  occur  exactly  in  a  plane  perpen- 
dicular to  the  faces ;  and,  if  this  idea  is  developed  by  analy- 
sis, we  see  that  the  parhelion  should  be  more  distant  from 
the  sun,  as  the  latter  is  more  elevated  above  the  horizon  : 
not  only  does  experience  shew  thb  in  a  eeneral  way,  but 
the  differences  between  the  values  observed  and  those  given 
by  calculation  are  so  small,  that  this  opinion  may  be  con- 
sidered as  perfectly  exact.* 

*  ConcelTe  a  great  number  of  prlgmii  of  lee,  tbe  axis  of  which  is  rertical 
and  the  diedral  angle,  GO".  The  dledral  angle  raaj  preoent  itself,  in  respect 
to  the  son,  in  an  infinity  of  dHTerent  manners.  One  of  them  is  remarkable. 
It  is  that  in  which  a  ray,  on  traversing  the  interior  of  the  crystal,  is  perpen- 
dicular to  tbe  hoiiaoDtal  line,  that  divides  this  dledral  angle  bito  two  equal 


438  OPTICIX  PHBNOMXNA  OF  THE  ATM08PHBBB. 

TANQENT  oiRCliES  (vide  pi.  Y.pzOy  and  the  plate 
in  the  frontispiece). — Brandea  explains  tnem  hy  prisms 
floating  horizontally ;  hut  it  is  impcesihle  to  account  lor  the 

parts.  The  total  deTiation.  being  the  sum  of  the  entering  and  exit  derlap 
tlons,  is  the  least  possible ;  and,  on  account  of  the  tninhnum^  the  emergent 
ray  scarcely  changes  place,  if  the  diedral  angle  is  turned  around  Its  vertical 
^e,  as  on  a  hinge,  a  considerable  number  of  degrees,  whether  In  one  diree- 
tlon  or  in  another.  There  are  then  found,  as  in  the  theory  of  the  rainbow 
and  that  of  halos,  a  great  number  of  rays  all  coming  out  In  the  same  direc- 
tion, and,  according  to  established  phraseology,  these  rays  come  out  ct^oo* 
eious:  hence  the  production  of  a*  parhelion.  The  medial  branch  of  the 
broken  route  of  the  luminous  ray  at  its  mminnim  deviation  is  placed  sym- 
metrically, in  respect  to  the  vertical  ftces  of  entry  and  exit ;  thus,  whatever 
be  the  angular  hei^^t  of  the  immergent  ray,  in  respect  to  the  horlaon,  that 
of  the  emergent  ray  must  always  be  the  same ;  the  parhelion  will,  thereforei, 
be  as  much  above  the  horixon  as  the  true  sun  itself  is.  With  regard  to  the 
amplitude  of  the  deviation,  it  is  easy  to  see  that  it  Is  greater  as  the  sun  is 
higher ;  for  the  incidence  of  its  rays  on  the  vertical  faces  of  the  prism  be- 
comes, by  this  single  fact,  more  and  more  oblique,  which  determines  a  con- 
tinually  increasing  augmentation  in  the  angles  of  deviation.  If  the  sun  is  in 
the  horizon,  and  its  ray  traversed  the  prism  perpendicular  to  the  vertical 
plane  that  bftectg  its  diedral  angle,  the  deviation  obtains  its  absolute  mini^ 
mum  of  about  22*>,  and  the  parhelion  then  occurs  at  the  intersection  of  the 
ordinary  halo,  and  of  the  norisontal  circle  passing  through  the  sun.  In 
every  other  case,  the  parhelion  is  situate  without  the  ordinary  halo ;  and 
this  lateral  deviation  Increases  with  the  altitude  of  the  sun,  as  the  following 
numbers  shew : — 
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The  same  way  will  lead  us,  without  recourse  to  calculation,  to  the  ex- 
planation of  the  circnmzenithal  arc,  tangent  to  the  ordinary  halo,— that  of  22". 
In  order  to  ilx  the  mind,  we  will  suppose  the  sun  to  be  on  the  meridian. 

Let  us  lay  all  our  prisms  in  such  a  manner  that  all  their  axes,  preserving 
their  parallelism,  now  become  horizontal ;  and  let  us  first  direct  them  in 
such  a  manner,  that  these  axes  shall  be  parallel  to  the  line  running  east  and 
west,  and,  consequently,  perpendicular  to  the  meridian.  Every  system  of 
crystals  with  parallel  axes  must  give  rise  to  two  parhelia,  as  we  shall  soon 
see.  In  order  to  discover  how  they  will  be  situated,  it  is  sufficient  to  make 
the  sun  and  the  prions  turn  In  one  system  round  the  meridian  of  the  ob* 
server,  at  an  angle  of  90** ;  the  crystals  become  vertical,  the  plane  of  the 
meridian  becomes  the  horizon ;  the  position  of  the  two  parhelia  is  immedi- 
ately known  from  the  rules  given  at  the  commencement  of  this  note.  Let 
us  now  turn  back  the  whole  system,  and  bring  It  to  its  primitive  position ;'  it  la 
evident  that  one  of  the  parhelia  will  be  situated  22**  above  the  sun,  and  the 
other  22"  below.  We,  therefore,  see  that  the  actual  case  only  dlifers  ftxnn 
the  preceding  in  that  the  plane  of  the  meridian  plays  the  part  which  the 
plane  of  the  horizon  Just  now  played. 

Let  us  consider  a  second  system  of  prisms,  the  axes  of  which,  being  natu- 
rally parallel,  are  directed  fh>m  the  E.  1"  8.  to  the  W.  1"  N. ;  the  vertical 
plane,  passing  through  the  observer,  and  perpendicular  to  these  prisms,  will 
nave  an  azimuth  of  8.  I*  W. ;  the  sun,  still  in  the  meridian,  will  then  be  on 
the  left  of  this  plane.  Let  us  make  a  motion  analogous  to  that  of  the  pre- 
ceding case,  and  turn  the  whole  around  the  horizontal  line,  the  azimuth  of 
which  Is  8.  P  W. ;  the  vertical  plane  8.  T  W.,  after  this  tumlnff,  is  con- 
founded with  the  tiorizon ;  itkeparkelie  circle  is,  therefore,  a  small  cirete  of 
the  sphere  passing  through  the  sun,  and  parallel  to  this  grwt  vertical  circla. 
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phenomena,  without  having  recourse  to  calculation;  and, 
on  this  account,  I  pass  it  over  entirely  in  silence. 

8TATB  OF  THE  ATM08PHE&B  DURING  HAXiOS. 

^-Neither  in  the  world,  nor  yet  in  scientific  books,  have 
sufficient  distinctions  been  made  between  coronte  and  halos ; 
it  is,  therefore,  difficult  to  know  whether  their  appearance 
is  connected  with  certain  modifications  in  the  state  of  the 
atmosphere.  However,  the  great  mf^'ority  of  obser^^ations 
relate  to  true  halos ;  and  both  are  said  to  ioretell  rain,  espe- 
cially when  they  are  seen  around  the  moon,  where  they 
more  frequently  occur  than  around  the  sun ;  but,  as  coronie 
may  be  observed  whenever  there  are  clouds  in  the  sky, 
they  lose  all  signification.  It  is  only  when  the  diameter  of 
the  corona  diminishes  sensibly  in  a  short  time,  that  is  to 
say,  when  the  size  of  the  vesicles  of  fog  increases  rapidly, 
that  we  may  expect  approaching  rain. 

It  is  otherwise  with  true  halos ;  they  prove  the  existence 
of  cirrus ;  and,  as  they  occur  most  frequently  when  the  baro- 
meter falls,  rain  will  not  be  long  in  coming.  This  is  mostly 
the  case  during  summer ;  and  I  have  often  observed  very 
beautiful  halos,  when  violent  storms,  accompanied  with 
hail,  were  at  a  distance,  or  in  the  neighbourhood.* 

The  corresponding  p«rli«Iion  will  be  placed  on  a  small  circle,  at  an  angular 
distance  a  little  greater  than  22**,  the  exceas  of  distance  being  greater  as  the 
distance  of  the  sun  from  the  Tertical  8. 1<*  W.  is  Itself  greater. 

The  system  of  prisms  perpendicular  to  the  plane,  the  axlmuth  of  which 
is  8.  2"  W.,  would  also  glre  two  parhelia,  the  one  above,  the  other  below, 
both  exterior  to  the  halo ;  and,  as  the  angular  distance  of  the  sun  at  these 

different  vertical  circles  8.,  8.  1"  W.,  8.  2"  W., continues  increasing, 

the  deviation  of  the  corresponding  parhelia  outside  the  ordinary  halo  in> 
creases  simultaneously.  If,  therefore,  we  now  consider  the  series  formed 
by  all  these  parhelia,  we  shall  easily  see  that  they  form  two  distinct  curves, 
which  touch  the  ordinary  halo,  the  one  at  its  culminating  point,  the  other 
at  its  lowest  point,  and  that  these  curves  are  exterior  to  the  halos.  These 
two  curves  are  circunuenithal  arcs,  tangents  to  the  ordinary  halo ;  and  in 
this  way  they  are  completely  explained.  With  regard  to  the  predominance 
of  prisms,  with  horiaeontal  axes.  It  very  probably  occurs,  because  these 
nrisms  not  being  very  elongated  in  reference  to  the  dimensions  of  their 
bases,  and  forming  a  sort  of  hexahedral  film,  must  fall  in  the  air,  presenting 
the  edge. 

The  arc  tangent  to  the  extraordinary  halo  cannot  be  explained  in  this 
way.  This  arc  arises,  according  to  M.  Gallb,  fh>m  the  refraction  of  rays 
In  crystals,  the  axis  of  which  is  vertical ;  the  rays,  after  having  penetrated 
tiirough  one  of  the  six  vertical  fttces,  come  out  traversing  the  hexagon,  that 
forms  the  lower  base  of  the  crystal.  For  the  complete  explanation  of  the 
phenomenon,  we  must,  moreover,  admit  that  these  prisms  undergo  little 
oscillations  around  the  vertical.  The  brilliancy  of  this  arc  varies  with  the 
height  of  the  sun  ;  and  the  most  brilliant  period  of  its  appearance  Is,  ac- 
cording to  M.  Oalle,  that  when  the  elevation  of  the  sun  is  2i*  57'.  The 
rays  then  traverse  the  prisms  In  conditions  that  realise  its  minimum  devia- 
tini ;  and  the  emergent  light  is  ^ffleaeiout. 

Bk  ANDES  has  interpreted  the  origin  of  this  drcnmseDithal  are  in  a  dlf- 
fisrent  way ;  but  his  theory  does  not  accord  so  well  with  observations. — B. 

*  The  atmospheric  circumstances  favourable  to  the  appearance  of  par- 
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We  might  also  ask  why  halos  are  so  seldom  complete, — 
why  at  one  time  circles  are  seen  concentric  with  tne  sun, 
and  why  at  anoUier  time  they  pass  through  this  body.  If  it 
were  possible  to  study  the  crystals  of  snow,  that  reflect  and 
refract  the  light,  it  would  be  easy  to  repW  to  that  question. 
It  appears  to  me  probable  that  tnese  differences  are  due  to 
the  different  forms  that  the  crystals  may  assume :  if  they 
are  prisms  floating  in  the  air,  a  luminous  circle  is  produced 
by  refraction ;  if  they  are  lamellated  crystals,  the  reflection 
produces  a  parhelic  circle  passing  through  the  sun.  It  is 
only  when  tne  two  species  of  crystals  exist  at  the  same  time 
that  we  obserye  the  two  phenomena  simultaneously.  This 
combination  is  rare;  for  generally  we  only  see  a  single 
kind  of  crystal  floating  in  the  atmosphere. 

RAINBOW. — When  the  rays  of  the  sun  fall  on  drops 
of  rain,  we  see  in  the  opposite  region  of  the  sky  one  or  two 
arcs  of  a  circle  tinted  with  prismatic  colours,  and  known 
under  the  name  of  rainbow.  If  the  two  arcs  are  complete, 
they  are  also  concentric ;  and  exact  measurement  proyes  that 
their  centre  is  where  the  shadow  of  the  spectator*s  head  is. 
The  interior  bow,  which  is  more  frequently  seen,  and  the 
colours  of  which  are  more  yiyid,  is  called  the  first  or  inner 
bow  (hauptregenbogen) ;  the  other,  exterior,  the  second  or 
outer  rainbow  (nebenregenhogen).  In  the  former,  the  yio- 
let  is  within,  the  red  without ;  and,  consequently,  the  ray 
of  the  red  bow  is  greater  than  that  of  the  yiolet  bow ;  some- 
times the  inner  edge  presents  a  repetition  of  colours  in  fine 
fringes,  in  which  green  and  red  are  especially  remarkable. 
In  the  second  rainbow,  the  colours  are  arranged  according 
to  an  inyerse  order,  so  that  the  diameter  of  the  red  circle 
is  less,  that  of  the  yiolet  circle  greater. 

In  order  that  there  may  be  a  formation  of  a  rainbow,  it 
is  sufficient  that  the  sun  should  strike  drops  of  water  with 
its  rays ;  thus  we  may  see  the  rainbow  on  clouds,  and  eyen 
on  terrestrial  objects.  In  gusty  weather  I  haye  frequently 
seen  rainbows  on  a  blue  sky,  when  drops  were  falling  to  the 
earth,  because  they  eyaporated  during  their  fall ;  but  the 
rainbow  presents  yiyid  colours  only  when  the  light  that 
strikes  against  the  drops  possesses  ^^reat  intensity:  thus 
lunar  rainbows  yery  rarely  present  prismatic  colours ;  they 
are  merely  white  or  yellowish. 

Let  us  follow  the  course  of  a  luminous  ray  in  a  drop,  of 

helia,  MfinetimM  eziiC  over  a  great  ezt«nt  of  oountry;  M.  Asaoo,  on  thk 
point,  hM  noticed  aome  parhelia  that  were  teen  Majr  13, 1838,  at  Laim,  Saint- 
(Inentin,  Cambray,  Lille  and  La  Fdre.  {Contpte$  rendui  de  rAoad.  det 
Sciences,  t,  ti.  pp.  378-601. )~M. 
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which  we  will  suppose  the  form  to  he  spherical,  and  of  which 
the  refracting  power  for  each  coloured  ray  is  well  known. 
JjCt  MNO  (pi.  v.  fig.  5)  he  the  section  of  a  drop,  hj  a  plane 
passing  through  its  centre,  C :  and  LM  a  ray  coming  from 
the  sun :  if  it  falls  on  M,  it  will  be  refracted  in  the  direction 
MN ;  in  N,  it  reaches  the  other  surface  of  the  sphere ;  one 

Sart  of  the  ray  passes  through,  the  other  is  reflected  in  the 
irection  NO,  wnence  it  is  again  reflected  towards  the  interior, 
and  partly  refracted  in  the  direction  OP,  as  it  leaves  the 
drop,  so  that  the  eye,  situated  on  OP  produced,  sees  an 
image  of  a  luminous  point.  Thus  a  ray  undergoes  several 
partial  reflections  and  refractions  in  a  drop,  and,  in  each  of 
its  refracted  rays  produced,  the  sun  is  seen.  Furthermore, 
the  angle  made  by  the  incident  ray  with  the  surface  of  the 
drop  varies  from  0®,  where  the  ny  is  a  tangent,  and  90% 
where  it  passes  through  its  centre  :  it  follows  that  rays  leave 
the  drop  m  all  directions,  and  that  on  all  sides  we  may  see 
the  image  of  the  sun  reflected ;  but,  if  anv  one  region  is  to 
be  distinguished  by  its  brilliancy,  it  is  that  in  which  the 
emergent  rays  become  parallel,  because,  under  these  cir- 
cumstances, the  images  coming  from  several  drops  are 
placed  one  beside  the  others,  so  as  to  form  an  illuminated 
region. 

If  we  look  for  the  conditions  necessary  to  the  production 
of  this  eflect  by  calculation,  we  generally  find  a  very  great 
number  of  directions  in  which  a  luminous  image  may  be 
seen ;  but  there  are  chiefly  two  in  which  the  brilliancy  is 
very  intense,  and  which  give  rise  to  the  phenomenon. 

If  the  sun  S  (pi.  v.  fig.  6),  the  drop  and  the  eye  O,  are 
in  the  same  plane,  then  the  eye  only  receives  the  ravs 
situated  in  this  plane,  and  passing  through  the  centre  of  the 
drop;  the  ray  SA  is  refracted  at  the  interior  in  the  direc- 
tion AB,  and  reflected  in  the  direction  BC,  and  then 
refracted  toward  the  eye  in  the  direction  CO.  But,  in  order 
that  a  pencil  of  parallel  rays  may  come  from  all  the  drops 
situated  in  the  direction  CO,  calculation  shews  that  the  two 
lines  SA  and  CO  should  make  together  a  certain  angle, 
which  varies  for  the  different  coloured  rays,  on  account  of 
their  unequal  refrangibility.  If  CO  is  a  red  ray,  the  angle 
is  42«  23' ;  if  a  violet  ray,  it  is  only  40'='  29' ;  so  that  the 
extent  of  the  arc  is  1^  54',  and  red  occupies  its  exterior 
edges. 

When  rays  undergo  a  double  refraction  at  the  interior 
of  the  drop,  the  image  of  the  sun  is  still  visible.  Let  S  A 
(pi.  V.  fig.  7)  be  a  solar  ray  falling  on  the  drop  ABCD  ;  it  is 
refracted  in  the  direction  AB,  then  reflected  in  BC,  again 
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reflected  in  CD,  and  at  D  it  is  refracted,  as  it  comes  out  in 
the  direction  DO.  Calculation  also  gives  in  this  case  the 
angle  formed  by  the  lines  going  from  the  sun  to  the  eye, 
and  from  the  eye  to  the  rainbow :  it  is  60^  21'  for  the  red 
ra3r8,  53°  46'  for  the  violet,  and  the  width  of  the  arc  is 
8°  25'. 

There  is,  therefore,  a  double  image ;  the  one  produced 
by  simple  reflection,  the  other  by  the  double  refraction  of 
the  rays  in  the  interior  of  the  drop :  the  first  corresponds  to 
the  inner  rainbow,  the  other  to  the  outer.  Finally,  there 
may  be  a  third  image  produced  by  a  triple  reflection, — an 
image  still  nearer  to  the  sun,  in  that  it  is  distant  only  from 
42°  3(y  to  37°  41'.  A  fourth  image,  produced  by  a  qua- 
druple reflection,  may  occur  at  a  trifling  distance;  its 
distance  from  the  sun  will  be  from  42°  44'  to  48°  53' ;  but 
the  intensity  of  these  two  latter  arcs  is  so  feeble  that  they 
are  rarely  seen.* 

Hitherto  we  have  only  considered  a  single  drop ;  as  this 
moves  rapidly,  the  image  can  last  but  for  a  single  instant : 
but,  if  a  great  number  of  drops  fall  in  the  same  direction, 
each  of  them  will  produce  an  image  in  the  same  places,  and 
the  sensation  will  remain  permanent ;  if  rain  falls  in  a  dieet, 
then  there  is  a  deformed  bow. 

Suppose  for  a  moment  that  the  observer  is  above  the 
cloud,  turning  his  back  to  the  sun  and  distinctly  seeing  the 
shadow  of  his  head  upon  the  cloud :  if  he  imagines  a  plane 
passing  through  the  sun  and  his  head,  he  will  distinctly  see 
a  red  unage  of  the  sun  in  each  drop  so  placed  that  the  line 
coming  from  each  drop  to  his  eye  makes  an  angle  of  42°  23', 
with  the  right  line  ioming  his  head,  and  the  shadow  pro- 
jected on  the  cloud.  But  this  plane  may  occupy  every 
possible  position,  and  the  image  of  the  sun  always  appears 
forming  the  angle  mentioned ;  a  red  circle  is  therefore  seen, 
the  centre  of  which  is  situated  on  a  right  line,  joining  the 
eye  and  the  sun,  and  the  apparent  diameter  of  which  is 
42°  23\  These  red  rays,  therefore,  form  a  cone,  the  axis  of 
which  passes  through  the  eye  and  the  sun,  and  the  planes  of 
which,  tangent  to  the  surface  of  the  cone,  make  with  this 
axis  an  an^le  of  42  23' ;  the  violet  rays  make  an  angle  of 
40°  29'.    The  second  rainbows  form  an  analogous  cone. 

This  cone  also  exists  when  the  observer  is  on  the  surface 
of  the  earth ;  if  he  is  placed  on  the  summit  of  a  mountain. 


*  M.  Babinet,  when  in  the  most  fiaTourable  drcnmstances,  on  Montd'Or, 
■nd  on  the  Canigou,  vainly  endearoured  to  perceiTe  them.  (Goniptfet  Rett' 
4v»  de  VAead,  det  ScienecM,  t.  ir.  p.  645.) 
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while  the  rain  falls  below,  then  he  peroeives  a  complete  circle, 
corresponding  to  the  ^reat  circle  that  was  described  when 
speaking  of  the  parhelia :  this  is  also  the  circle  that  is  per- 
ceived,  under  fayourable  circumstances,  on  drops  of  dew. 
On  the  plains,  on  the  contrary,  we  scarcely  see  a  semi-cir- 
cumference, although  the  sun  is  high ;  for,  if  the  drops  fall 
from  a  cloud,  and  the  latter  forms  a  dark  ground,  only  a 
portion  of  the  rainbow  is  seen  on  the  cloud.  With  atten- 
tion, traces  of  the  rainbow  may  be  seen  even  nearer  to  the 
observer,  if  the  latter  is  illuminated  by  the  sun;  but 
frecmently  they  are  mere  points. 

If,  therefore,  we  admit  that  the  rainbow  is  formed  only 
when  there  are  clouds  in  the  back  plain,  we  may  not  only 
deduce  the  size  of  this  bow,  but  also  the  conditions  under 
which  it  cannot  occur.  If  the  sun  were  in  the  horizon,  the 
shadow  of  the  head  of  the  spectator  would  fall  there  also ; 
and,  as  the  axis  of  the  cone  would  be  horizontal,  it  would 
follow  that  we  should  see  a  complete  semi-circumference  of 
an  apparent  semi-diameter  of  4P.  As  soon  as  the  sun  rises, 
the  axis  of  the  zone  falls,  and  the  arc  becomes  smaller ; 
finally,  if  the  sun  attains  a  height  of  41%  the  axis  of  the  cone 
forms  the  same  angle  with  the  plane  of  the  horizon,  and  the 
bow  becomes  tangent  to  this  plane.  If  the  sun  were  still 
higher,  the  bow  would  be  projected  on  the  earth ;  and,  as 
we  rarely  see  the  phenomenon  when  thus  presented,  or  when 
the  image  is  very  pale,  it  is  commonly  believed  that  it  cannot 
be  produced,  xhe  second  bow  disappears  when  the  sun 
attains  a  height  of  52° ;  on  this  account  we  cannot  see  a  rain- 
bow at  noon  in  summer. 

K  the  image  of  the  sun  is  reflected  b^  a  surface  of  quiet 
water  toward  a  cloud,  this  image  may  in  like  manner  pro- 
duce a  rainbow.  As,  in  this  case,  two  suns,  one  of  which  is 
as  much  below  the  horizon  as  the  other  is  above,  project 
their  rays  towards  the  cloud,  the  two  bows  will  always 
meet,  so  that  the  angle  between  the  refracted  and  the 
incident  ray  is  41°;  the  two  bows  will,  therefore,  cut  each 
other,  but  the  point  of  intersection  depends  on  the  height  of 
the  sun ;  four  bows  are  thus  frequently  seen,  because  the 
sun,  and  also  its  reflected  image,  each  produces  a  second  bow. 

I  will  mention  a  few  other  appearances,  that  are  veiy 
frequently,  though  not  always  seen.  Wlien  a  vividly 
coloured  rainbow  is  projected  on  a  dark  doud,  the  sky  is 
much  darker  above  tnan  befbw  the  bow ;  this  difierence  is 
the  more  striking  when  the  sun  is  low :  it  is,  therefore,  a 
phenomenon  opposed  to  that,  which  we  have  observed  in 
respect  to  halos,  in  which  the  interior  space  is  darker  than 
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the  exterior.  If  we  follow  the  course  of  a  ray  in  the  rain- 
drop, we  shall  see  that  the  drops  situated  above  that  in 
which  the  bow  is  formed  do  not  send  us  the  rays  reflected 
by  their  posterior  surface,  whilst  the  drops  placed  below  do 
send  them;  and  these,  notwithstanding  their  divergence, 
vaguely  illuminate  the  space  situated  beneath  the  bow. 

SUPSRNUMERARY   RAINBOWS.— They  present  a 
remarkable  anomalv:  in  the  first  bow,  the  violet  occurs 
within,  and  the  red  without;   but  we  frequently  observe 
anomalous  repetitions  of  these  colours  within  the  violet  bow : 
these  are   the  bows    that    are  designated  mpemumeranfy 
supplementary^  or  secondary  {iecwndaere  Bogen).    A  second 
ffreen  bow,  and  a  second  violet,  then  a  third  green  and  a 
third  violet,  are  attached  to  the  violet  bow.     In  general 
these  are  the  only  two  colours  that  are  bright ;  however,  I 
have  several  times  perceived  bright  red;  observers  have 
described  more  or  less  perfect  repetitions  of  all  the  colours. 
Thus  lianswith  saw  an  ordinary  rainbow,  in  which  the 
violet  had  a  strong  reddish  tint :  beneath  it  was  a  green 
bow,  the  convex  part  of  which  passed  to  light  yellow,  whilst 
the  concave  was  of  a  deep  green ;  above  was  a  bow  of  a  deep 
purple  colour,  which  disappeared  and  returned  several  times 
so  rapidly  that  it  could  scarcely  be  observed.    Beyond  the 
ordinary  rainbow  was  the  following  succession  of  colours : 
light  green,  deep  green,  purple,  green,  faint  purple.    There 
were  here  four  series  of  colours,  and  perhaps  the  commence- 
ment of  a  fifth,  since  the  bright  purple  is  probably  produced 
by  a  mixture  of  red  with  violet  rays.     Lanrwith  adds  a 
remark  already  made  by  many  observers, — it  is  that  he 
never  observed  this  succession  of  colours  in  the  parts  of  the 
bow  that  seemed  to  rest  on  the  earth,  although  the  colours 
there  are  much  more  vivid  than  the  upper  parts,  beneath 
which  this  repetition  of  colours  is  manifested ;  the  repetition 
of  colours  has  been  rarely  noticed  in  the  second  rainbows. 
However,  Brewster  saw,  at  their  outer  part,  a  red  bow,  and 
above  this  a  green  bow  faintly  marked. 

It  is  not  esfiy  to  explain  these  supernumerary  bows  in  a 
satisfactory  manner.  Pemberton  thought  they  were  due 
to  the  same  phenomenon  of  interference  as  the  coronse  that 
surround  the  sun  or  moon.  Indeed,  when  a  great  number 
of  small  drops  fall  with  the  larger,  and  the  rays  from  the 
ordinary  rainbow  pass  near  them,  they  are  diffracted  in  the 
same  manner  as  tne  rays  that*come  directly  from  the  sun. 
But,  in  order  that  this  idea  be  just,  it  is  necessary'  that  the 
small  drops  should  all  have  the  same  diameter, — an  hypo- 
thesis scarcely  probable ;  moreover,  according  to  this  ex- 


SAIHBOWB.  445 


Elanation,  there  would  be  as  many  supplementair  arcs 
ehind  the  parts  of  the  arc  that  touch  the  norizon  as  behind 
the  others.  The  opinion  of  Venturi  is  more  probable,  who 
thinks  that  some  drops  are  flattened  in  their  lower  part 
during  their  Ml.  The  spherical  drops  produce  the  principal 
rainbow ;  the  flattened  drops,  the  supernumerary  rainbows. 
If  the  drops  have  not  the  same  dimensions,  this  is  because  the 
flattening  is  not  the  same ;  and  in  this  case  there  may  be 
recurrences  of  colours.* 


*  According  to  MM.  TotiNO,  Abaoo,  and  Basimbt,  these  teeondary,  tuper- 
manerary,  or  mppUmentaiy  arcs,  are  a  phencmienon  of  Interference  that  ia 
explained  as  follows : — 

Let  8A  (pi.  V.  fig.  6.)  be  the  incident  ray,  ABC  its  roate  in  the  interior 
of  the  drop,  OC  the  emergent  ray.  We  know,  by  the  theory  of  the  rain- 
bow, that  if  the  angle  of  incidence  of  the  ray  8  A  is  59°,  the  inclination  of  OG 
to  SA  will  acquire  its  fnanmum  Talue,  namely  41** ;  the  ray  will  make  part 
of  the  (Efficacious  fksciculiis,  that  gives  us  the  sensation  of  the  rainbow.  Sup- 
pose the  incidence  of  SA  is  equal  to  70^ ;  calculation  proves  that  the  inclina- 
tion of  OC  to  8 A  will  be  38"  IS',  necesaarily  less  than  the  maximum  inclina- 
tion 41°.  Imagine  now  a  ray  parallel  to  8  A,  but  the  incidence  of  which  on  the 
<hx>p  is  46°  45'.  This  new  ray  will  be  reflected  at  the  same  point,  B,  as  the 
preceding,  but  it  will  leave  the  drop  parallel  to  CO  ;  so  that  the  pencil  of 
rays  that  reach  our  eye  from  all  points  of  the  sky,  of  which  the  distance 
from  the  sun  is  equal  to  180°— 38°  12%  is  composed  of  n^s  of  two  sorts,  some 
inddent  under  the  angle  70°,  others  under  the  angle  46°  4S/.  And,  in  general, 
for  all  these  distances,  39°,  38°,  37°.  &c.  (unto  16°  inclusive),  between  the  point 
of  the  rainbow  under  consideration  and  the  point  of  the  sky  directly  oppo- 
dte  to  the  sun,  it  is  correct  to  say  that  the  luminous  pencil,  perceived  by  the 
eye,  contains  at  the  same  time  rays  of  incidence  greater  than  69°,  and  rays 
of  incidence  less.  The  two  rays  of  different  incidence,  composing  the  same 
fksciculns,  are  in  the  proper  conditions  for  Interference,  since  they  come 
from  the  same  source,  and  after  a  slight  difference  as  to  the  length  of  the 
course  they  traverse.  Thus,  each  of  the  drops  c<»npri8ed  between  the  por- 
tion of  the  sky  situated  in  the  concavity  of  the  arc  will  give  rise  to  a  series 
of  fringes,  situated  In  the  plane  of  the  sun  and  the  drop ;  of  this  series  a 
single  element  may  be  perceived  by  the  observer ;  but,  if  we  consider  a  mul- 
titude of  drops  more  and  more  remote  from  the  internal  edges  of  the  bow, 
the  regular  series  of  fringes  will  appear,  providing  the  6ro^  are  of  the  same 
diameter,  and  it  will  be  developed  in  concentric  bows  interior  in  the  prin- 
cipal bow. 

The  larger  the  drops  are,  the  more  should  the  width  of  these  fringes  or 
coloured  rings  diminish  ;  for  we  cannot,  in  this  case,  find  the  same  difference, 
of  course,  in  considering  two  rays,  of  which  the  difference  of  incidence  is  less 
than  before.  As  the  drops  continue  to  become  lai^er,  the  fringes  are  more 
and  more  compressed,  and  finally  they  become  indistinct.  This  Is,  doubtless, 
the  reason  why  the  supplementary  bows  are  never  prolonged  to  the  horicon, 
but  always  occupy  the  culminating  point  of  the  phenomenon. 

Mr.  AiRT  luui  recently  attached  the  existence  of  supernumerary  bows  to 
the  theory  of  undulations,  by  an  analytical  solution  of  the  problem ;  and  Mr. 
MiLLXB  has  verified  the  results  and  the  formulss  of  Sir.  Aiet  on  the  super- 
numerary bows,  produced  by  a  ray  of  the  sun  ftlling  horizontally  upon  ver- 
tical cylindrical  threads  of  water,  i  and  i  of  a  millimetre  in  diameter.— B. 


VUI. 


AURORiE  BOREALES. 


The  phenomena  that  we  have  hitherto  studied  really 
belong  to  the  domain  of  Meteorology ;  they  are,  in  fact, 
modifications  of  the  atmosphere  or  of  phenomena  depending 
on  them.  In  these  two  final  chapters,  we  shall  briefly  treat 
of  certain  phenomena  that  we  see  through  the  atmosphere, 
htit  of  which  it  is  difficult  to  afifirm  with  certainty  whether 
they  belong  to  the  class  of  atmospheric  phenomena.  That 
to  which  we  shall  first  direct  our  attention  is  the  manifest- 
ation of  the  magnetic  state  of  the  terrestrial  globe.  It  is 
probable  that  its  distribution  is  intimately  connected  with 
that  of  heat  on  the  surface  of  the  earth.  This,  however,  is 
not  a  sufiicient  reason  for  including  this  phenomenon  in  the 
domain  of  Meteorology,  properly  so  calkd ;  it  is  merely  a 

froof  that  heat  may  modify  the  distribution  of  magnetism, 
shall  consider  here  only  one  of  the  phenomena  con* 
nected  with  it,  viz.  aurora  horeales;  but,  in  order  more 
clearly  to  shew  their  connexion  with  magnetism,  I  shall 
here  relate  certain  fundamental  facts  connected  with  this 
magnetism  itself. 

DIRECTION    OF    THE    MAGNETIC  NEEDLE.  — If 

we  suspend  a  magnetised  bar  to  a  filament  of  silk,  so  that  it 
can  move  freely  m  a  horizontal  direction,  it  makes  a  series 
of  oscillations,  that  become  smaller  and  smaller,  until  it  takes 
a  determinate  position,  to  which  it  always  returns,  when- 
ever removed  from  it ;  the  same  phenomenon  occurs,  if  the 
bar  is  pierced  and  fitted  with  a  cap,  by  means  of  which  it  is 
placed  in  equUibrio  on  a  sharp  point.  A  bar  thus  arranged 
18  called  a  magnetic  needle ;  in  France,  the  vertical  plane  in 
which  the  needle  rests,  nearly  coincides  with  the  meridian." 

»  ^Afe  Note  V,  Appendiz,  No.  U. 
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This  coincidence  was  perfect  a  few  centuries  ago ;  and  it  was 
at  that  time  thought  that  the  magnetic  needle  always  took 
such  a  position  that  one  of  its  extremities  was  turned  toward 
the  polar  star,  and  the  other  toward  the  sun  at  noon :  the 
plane  in  which  the  needle  remained  at  rest  was,  therefore, 
called  the  magnetic  meridian.  At  Paris,  this  meridian  makes 
with  the  astronomical  meridian  an  angle  of  22°  toward  the 
west :  this  is  named  magnetic  declination  or  variation  (maff' 
neiische  abweichung) ;  it  is  west  or  east,  according  as  the 
end  of  the  needle,  tnat  is  turned  toward  the  north,  is  east  or 
west  of  the  astronomic  meridian.  The  amplitude  of  devia- 
tion is  measured  hy  the  arc  divided  into  nonagesimal  degrees, 
comprised  between  the  two  planes,  passing  through  the 
astronomic  and  the  magnetic  meridians. 

The  needle,  by  means  of  which  the  magnetic  meridian 
is  found,  was  so  adjusted  as  to  move  only  in  a  horizontal 
plane ;  but,  if  we  suspend  a  needle  by  its  centre  of  gravity, 
so  as  to  take  from  it  the  action  of  gravity,  and  permit  it  to 
move  in  all  directions,  it  will  remain  in  the  vertical  plane, 
and  its  direction  will  not  be  parallel  to  the  horizon ;  lor,  in 
our  countries,  the  extremity  directed  toward  the  north  will 
dip.  To  convince  himself  of  this,  Normaim  pierced  an 
unmagnetised  needle  through  the  middle,  and  suspended  it 
on  an  axis  coinciding  with  its  centre  of  gravity ;  this  axis 
rested  on  points,  so  that  the  needle  could  move  m  a  vertical 
plane.  Having  convinced  himself  that  the  needle  remained 
in  eqmlibrio  indifferently  in  all  positions,  he  concluded  that 
the  axis  of  rotation  coincided  vrith  the  centre  of  gravity : 
the  needle  was  then  magnetised,  and  placed  in  the  plane  of 
the  magnetic  meridian;  its  extremity  directed  toward  the 
north  immediately  dipped,  formine  an  ancle  which,  in  the 
middle  of  Europe,  is  about  70'^.  This  angle  is  called  mag- 
netic inclination  or  dip  (magnetische  neigtme^).  A  very 
simple  experiment  shews  that  this  dip  really  depends  on 
the  action  of  terrestrial  magnetism.  When  the  needle  is  at  rest 
in  the  position  alluded  to,  we  have  merely  to  touch  its  north 
pole  with  the  north  pole  of  an  energetic  magnet,  and  its  poles 
are  immediately  changed ;  the  end  that  was  formerly  south, 
and  directed  toward  tne  sky,  will  dip,  and,  in  like  manner, 
make  an  angle  of  70°  with  the  horizon.  We  conclude  from  this 
that  the  earth  is  a  magnet,  which,  in  our  countries,  acts  on 
a  magnetic  needle  free^  suspended,  so  as  to  place  it  in  the 
magnetic  meridian,  and  make  the  north  end  dip.  In  like 
manner,  as  a  pendulum  w  motionless  in  its  vertical  position, 
so  also  we  must  admit  that  the  dip  indicates  the  direction  in 
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which  the  resultant  of  all  the  former  acts,  at  the  point  where 
the  observation  is  made. 

TERREBTRlAla  MA6NETIBM. — Every  where,  on  the 
surface  and  in  the  interior  of  the  ^lobe,  the  magnetic  needle 
takes  a  determinate  position;  this  position  varies  in  each 
country  of  the  earth  :  as  we  advance,  proceeding  directly  to 
the  west,  we  see  that  it  increases,  and  attains  its  maximum  in 
the  Atlantic  Ocean.  From  this  point,  the  western  declina- 
tion diminishes ;  and,  at  the  east  of  the  United  States,  the 
needle  points  exactly  to  the  north  pole,  and  consequently 
the  declination  is  nothing ;  more  westward,  the  declination 
becomes  east.  If  we  had  gone  toward  the  east,  the  west 
declination  would  have  diminished ;  it  would  be  nothing  in 
the  east  of  the  Russian  empire ;  and  then  east,  if  we  nad 
continued  our  course  toward  the  east. 

In  general,  if,  under  any  parallel,  we  take  the  circuit  of 
the  globe,  we  shall  find  a  point  where  the  needle  is  directed 
toward  the  north ;  afterwards  the  deviation  becomes  west- 
erly, attains  its  maximum,  and  then  diminishes,  until  it  is 
nothing :  thus  the  declins^ion  varies  greatly.  If  we  make 
our  experiments  under  the  equator,  and  repeat  them  every 
five  degrees,  we  shall  find  that  the  difference  between  the 
maximum  eastern  and  the  maximum  western  declination  in- 
creases as  we  approach  the  poles  of  the  earth.  Thus,  in 
Greenland,  the  west  declination  is  so  great  that  the  needle 
points  to  the  west ;  and  Parry  found  a  point,  in  the  west  of 
Greenland,  where  the  north  pole  of  the  needle  was  turned 
to  the  south. 

The  dip  presents  similar  differences ;  in  our  countries  it 
is  northern,  that  is  to  say,  the  north  pole  is  directed  down- 
ward, and  forms  an  angle  of  70°  with  the  plane  of  the 
horizon.  In  proportion  as  we  advance  toward  the  south,  the 
needle  approaches  the  horizontal  direction,  and,  in  the 
neighbourhood  of  the  equator,  it  is  altogether  parallel  to 
the  horizon :  the  dip  is,  therefore,  nothing.  On  passing 
into  the  southern  hemisphere,  we  see  the  south  pole  of  the 
needle  dip,  and  the  more  so  as  we  approach  the  south  pole ; 
going  toward  the  north,  the  contrary  would  have  been  ob- 
served :  thus,  in  one  of  the  hemispheres,  the  dip  is  northern, 
and,  in  the  other,  southern.  These  two  hemispheres  are 
separated  by  a  Jine  of  no  dip,  upon  all  points  of  which  the 
needle  is  horizontal :  this  nne,  which  cuts  the  equator  in 
different  points,  and  rises  alternately  into  each  hemisphere, 
is  called  the  magnetic  equator, 

iCAGNfiTio  POlaES  OF  THE  EARTH.— In  a  magnet. 
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each  molecule  attracts  iron ;  but  we  may  suppose  that  the 
effects  of  all  these  isolated  elements  concur  in  a  sinele  point, 
in  like  manner  as,  when  considering  the  weight  of  a  body, 
we  always,  in  imagination,  transfer  it  to  the  centre  of  gravity 
of  the  heavy  body.  These  two  points,  in  which  are  con- 
centrated the  resultant  of  all  the  forces  distributed  in  the 
half  of  each  magnetic  bar,  are  called  its  poles.  In  like 
manner,  the  resultants  of  all  the  magnetic  forces  of  the 
earth  may  be  supposed  applied  to  several  points,  that  are 
called  the  magnetic  poles  of  the  earth. 

In  our  countries,  as  the  magnetic  needle  is  sensibly 
directed  from  south  to  north,  it  Allows  that  the  magnetic 
action  of  the  earth  is  such,  that  the  magnetic  poles  may  be 
considered  as  situated  in  the  neighbourhood  of  the  poles  of 
the  earth :  thus,  formerly  the  action  of  the  magnetic  forces 
was  placed  at  the  poles  themselves  of  the  earth.  More 
accurate  observations  have  shewn  that  this  is  not  the  case. 
All  the  phenomena  occur  exactly  as  if  there  were  two 
magnetic  poles  in  each  hemisphere.  Thus,  in  the  north 
of  America,  there  exists  a  point,  toward  which  the  needle 
constantly  turns.  In  proportion  as  we  approach  this  point, 
the  dippine  needle  increases  in  its  tendency  to  become 
vertical :  this  point,  which  is  situated  to  the  west  of  Baffin's 
Bay,  is,  therefore,  a  magnetic  pole.  There  exists  another 
in  the  north  of  Siberia.  Two  similar  points  occur  in  the 
south  of  America  and  in  New  Holland.  Although  their 
position  is  not  accurately  determined,  yet  we  cannot  fail  to 
remark  their  coincidence  with  the  poles  of  cold.* 

*  Philoaophen  of  the  present  day  applj  the  term  terrestrial  magnetic 
poles  to  the  points  on  the  stirfaoe  of  our  globe,  where  the  magnetic  needle, 
when  suspended  by  its  centre  of  gravity,  remains  Tertical.  In  such  points, 
the  dip  la  equal  to  90",  and  the  horiaontal  intensity  is  necessarily  nothing. 
There  exist  only  two  such  places  on  the  terrestrial  globe.  The  theory, 
recently  published  by  M.  Gauss  on  terrestrial  magnetism,  assigns  them,  in 
the  year  18S5,  the  following  positions  :~ 

North  pole,  Utitude  73«  30",  longitude  vrWW.  (of  Parb). 
South  pole,  latitude  72*        longitude  151*  E.  „ 

M.  DuPBaBET,  from  the  results  obtained  in  his  late  sdentiflc  ezpeditions 
to  the  two  poles,  has,  on  his  part,  found : — 

North  pole,  Utitude  IQP  5',  longitude   99*  la'  W. 
South  pole,  Utitude  75*  SO',  longitude  ISO*  lO'  E. 

The  term  magnetic  poles  has  sometimes  been  applied  to  the  points,  where 
the  total  Intensity  attains  Its  maximum  value,  superior  to  the  total  intensity 
of  all  the  neit^bonrlng  points.  It  was  long  thought  that  thtee  points  of 
maximmm  intensity  coincided  with  the  magnetic  poles ;  but  we  now  know 
that  they  may  be  very  distant  apart.  There  exist  two  such  points  in  the 
northern  hen^here,  one  situated  hi  Siberia,  the  other  in  North  America. 
According  to  M.  Oavbb's  theory,  thU  last  point  would  be  sltnated  in  54* 
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INTBN8ITY   OF  TBRRBSTRIAIi    MAGNSTISM. — 

Confining  ourselves  in  the  study  of  terrestrial  magnetism, 
in  considering  the  direction  of  the  needle,  is  only  looking 
upon  one  part  of  the  question,  since  we  ought  also  to  appre- 
ciate the  intensity  of  the  force  by  which  it  is  directed.  As, 
in  any  force,  this  intensity  diminishes  as  we  recede  from  its 
origin,  it  is  therefore  probable  that  it  will  attain  its  minimum 
at  the  magnetic  equator,  and  increase  as  we  approach  the 
pole.  Exact  measurements  have  established  this  truth  in 
the  most  positive  manner.  The  intensity  of  the  magnetic 
force  is  measured  in  the  same  manner  as  that  of  gravitjr. 
If  we  deviate  a  magnetic  needle  from  its  position  of  eauili- 
brium  in  the  magnetic  meridian,  it  will  return,  masing, 
like  the  pendulum,  a  series  of  oscillations,  which  are  the 
more  rapid  as  the  terrestrial  magnetism  is  more  intense  at 
the  place  of  observation.  To  be  convinced  of  this,  w^e  have 
merely  to  count  the  number  of  oAsillations  that  a  magnetic 
needle  makes  in  a  given  time.  Suppose  that  this  number 
is  ten :  now  place  on  the  plane  of  the  maffnetic  meridian  at 
the  north  of  the  needle  tne  south  pole  of  another  magnet ; 
the  latter  acts  in  the  same  direction  as  terrestrial  magnetism; 
it  tends  to  bring  the  needle  back  to  its  natural  position, 
and  it  will  execute  its  ten  oscillations  in  a  much  shorter 
time  than  before.  Thus,  then,  in  order  to  know  the  inten- 
sity of  the  magnetic  force  on  different  points  of  the  globe, 
we  have  only  to  make  the  same  needle  oscillate  at  these 
different  points,  and  see  in  how  long  a  time  it  makes  a 
determinate  number  of  oscillations. 

REGUIaAR  VARIATIONS  OF  TERRXSSTRIAIa  HAG- 

NSTISM. — The  elements  of  terrestrial  ma^etism  that  we 
have  to  study  are  not  so  constant  as  might  be  imagined 
from  what  we  have  just  said.  Let  us  choose  a  magnetic 
needle  of  sufficient  length  to  enable  us  to  read  minutes  on 
the  arc  it  describes,  and  suspend  it  to  a  filament  of  silk : 
this  needle  will  never  be  at  rest.  Its  movements  do  not 
depend  on  accidental  shakings  of  the  ground;  this  is  proved 
by  the  certain  regularity  with  which  it  moves.  If  we  note 
its  position  hourly  for  a  month,  and  take  the  mean  of  the 
hourly  observations,  we  shall  find  that  in  Grermany  and 
France  it  is  in  its  most  easterly  position  at  8  a.m.  ;  it  then 
goes  toward  the  west,  and  between  1  and  2  p.m.  it  has  devi- 

lAtltude  N.,  and  lor  W  longitude  W. ;  and  the  Siberian  TptAnt  is  71"  a(K 
latitude  N.,  and  1 17"  4(K  longitude  W.  With  regard  to  the  maxima  of  Inten- 
■ity  of  the  southern  hemisphere,  the  obeervations  are  still  too  few  in  the 
Antarctic  seas  to  enable  us  to  say  whether  there  are  one  or  two»  and  to  det«r> 
mine  their  situation,  eren  apinroxlmately.— B. 
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ated  several  degrees  (minutes  P)  toward  the  west ;  it  then 
returns  to  the  east,  and  about  midnight  it  affects  nearly  the 
same  direction  as  in  the  morning ;  it  then  remains  stationary 
for  several  hours,  and  moves  slowly  toward  the  east.  The 
amplitude  of  these  regular  oscillations  is  greater  in  summer 
than  in  winter,  and  during  a  fine  than  during  a  cloudy  day. 
In  our  countries  they  embrace  about  15' ;  tney  increase  as 
we  approach  the  pole,  and  diminish  in  amplitude  toward  the 
equator.  But  it  nas  been  proved  that  the  north  pole,  in  all 
puices,  is  directed  more  toward  the  east  in  the  morning  than 
m  the  afternoon. 

The  dip  and  the  intensity  shew  analogous  variations; 
but  hitherto  they  have  not  been  so  much  studied ;  they  are 
always  connected  with  the  unequal  temperatures  of  the 
countries  situated  east  and  west  of  the  place  of  observation. 
Before  noon,  the  countries  situated  on  the  east  being  hotter 
than  those  on  the  west,  the  north  pole  of  the  needle  recedes; 
in  the  a^moon  it  is  the  reverse :  the  north  pole  recedes 
from  the  hotter  countries  situated  on  the  west,  and  it  again 
turns  toward  the  east.  The  greater  the  difference  of  tempe- 
rature is  during  the  day,  the  more  marked  are  these  oscilla- 
tions :  and  thus  their  amplitude  is  greater  in  summer  than 
in  winter. 

The  dip  appears  to  vary  with  equal  regularity  through- 
out the  year ;  however,  this  element  has  not  yet  been  deter- 
mined by  a  sufficient  number  of  observations. 

IRREGULAR     VARIATIONS     OF    TERRE8TRIAI> 

MAGNETISM. — If  we  choose  very  mobile  needles,  and  are 
able  to  determine  the  position  to  a  few  seconds  nearly,  as 
can  easily  be  done  with  M.  Gauss's  apparatus,  we  then  see 
that,  in  our  countries,  the  needle  does  not  execute  its  move- 
ments in  a  regular  manner ;  it  marches,  for  a  certain  time, 
in  a  very  uniform  manner,  it  then  stops  and  returns  back, 
foUow^ing  its  accustomed  course.  Even  with  less  perfect 
apparatus,  we  may  convince  ourselves  that  the  needle  moves 
for  several  days  toward  the  east  or  toward  the  west,  and 
then  returns  to  its  mean  direction  in  the  plane  of  the  mag- 
netic meridian.  These  disturbances,  on  one  of  which  we 
are  about  specially  to  fix  our  attention,  exist  in  the  dip  and 
in  the  intensity,  and  are  probably  due  to  an  anormal  distri- 
bution of  temperature  at  the  surface  of  the  globe.  This 
supposition  is  the  more  probable,  as  the  dip  depends,  like  the 
height  of  the  barometer,  on  the  direction  of  the  wind  and  on 
temperature.  But  these  disturbances  are  manifested  over 
a  more  extensive  surface  than  those  of  the  barometer ;  for 
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powerfal  deviations  have  been  observed,  at  one  and  the 
same  time,  in  western  Europe  and  in  the  interior  of  Asia. 

These  are  the  principal  facts  presented  by  terrestrial  mag- 
netism. In  my  Treatise  on  Meteorology^  I  have  pointed  out 
the  laws  and  the  methods  of  observation ;  here  I  have  simply 
offered  the  facts  that  are  essential  towards  enabling  us  to 
comprehend  the  principal  phenomena  of  aurorse  boreales, 
that  appertain  to  meteorology,  because  they  probably  occur 
at  the  Imiits  of  our  atmosphere. 

AURORJB  BOREAIiEB  (nordUchter,  nordscheine,  potar' 
Uchter), — Under  these  names  are  comprised  the  luminous 
phenomena  that  are  seen  in  the  north  by  the  inhabitants  of 
Europe ;  however,  travellers  have  seen  aurorse  in  the  neigh - 
bournood  of  the  south  pole :  they  are  called  ouroriB  austra' 
les  (sudUchter). 

Dark  Segment.  —  According  to  the  unanimous  testi- 
mony of  observers  in  the  north  of  Europe,  who  have  seen 
many  aurors  boreales,  their  course  is  as  follows,*  if  we  may 
believe  M.  ArirelaaAer :  a  dirty  appearance  of  the  sky,  in 
the  neighbourhood  of  the  horizon,  in  the  direction  of  the 
north,  precedes  the  aurora  borealis ;  the  colours  soon  be- 
come deeper,  and  a  circular  segment,  of  a  greater  or  less  siaee, 
is  seen  surrounded  by  a  luminous  arc :  this  segment  has  the 
appearance  of  a  thick  cloud.  Bersi&aim  and  M.  Haasteen 
say  that  at  Upsal  and  Christiania  this  segment  is  sometimes 
black,  or  of  a  deep  grey  passing  to  violet.  The  more  we 
advance  towards  the  north  the  blacker  is  this  segment ;  and, 
in  high  latitudes,  it  can  hardly  be  distinguished.  The  seg- 
ment is  also  perceived  in  lower  latitudes ;  all  the  observers 
in  Germany  noticed  it  in  the  aurora  bor^is  of  January  7, 
1831. 

With  the  existence  of  this  segment  is  connected  OIm- 
ler's  observation,  who  said  that,  in  Sweden,  on  the  high 
mountains,  the  traveller  is  sometimes  suddenly  enveloped  in  a 
very  transparent  fog  of  a  whitish  grey  colour,  passing  slightly 
to  green,  which  rises  from  the  ground,  and  is  transformed 
into  the  aurora  borealis.  Ancient  observers  have  spoken 
of  this  analogy  between  the  aurora  boreaUs  and  light  clouds ; 
some  travellers  in  the  polar  regions  have  again  mentioned 
these  appearances.    'Wran^ei  says  positively  that,  as  soon 

*  Vide  alio  an  excellent  description  of  the  aurora  borealis  by  M.  Lomif, 
In  M.  Pocnmrr's  EUments  de  Pkytimtet  1. 11.  p.  663,3t  and  the  succinct  resum^ 
of  all  the  obsenrations  made  on  this  phenomenon  during  the  wintering  at 
Bosekop,  in  a  letter  to  M.  Asaoo.  {^Cvmptei  rendu*  de  I* Acad,  da 
t.  X.  p.  289.) 

»  Vide  Note  v.  Appendix  II ;  and  platee  Til.  and  Till. 
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as  a  light  went  from  the  aurora  to  the  moon,  the  latter  was 
immediately  surrounded  with  a  corona;  frequently  also 
the  light  dissipated  into  slight  clouds,  which  remain  white, 
and  appear  next  day  in  the  vault  of  heaven  under  the  form 
of  small  cirro-cummu. 

The  stars  are  very  readily  distinguished  through  this 
hlack  segment  in  the  north  of  Europe  and  in  Germany :  a 
number  of  observers  have  made  this  remark.  It  is  very 
difficult  to  say  what  the  nature  of  this  segment  is ;  on  this 

Eoint  there  are  contradictions  between  pnilosophers,  who 
ave  made  observations  in  high  latitudes.  M.  Strnve  ex- 
presses himself  on  this  subject  in  the  following  manner : 
''  The  firabu  that  rests  on  the  northern  horizon,  and  ap- 
pears to  be  the  base  of  all  the  aurone  boreales  that  I  have 
seen  for  a  long  time  at  Dorpat  Hat.,  58^21'  N.),  is  not  a 
cloud,  but  merely  the  sky  somewnat  darkened ;  very  fre- 

guently,  when  it  was  quite  black,  and  very  high  above  the 
orizon,  we  have  seen  the  stars  without  any  (uminution  in 
their  brilliancy.  Its  dark  appearance  is  the  effect  of  con- 
trast with  the  luminous  arc.  When  the  segment  is  divided 
and  lighted  up  by  luminous  rays,  they  must  be  attributed 
to  the  light  that  is  shewn  on  points  where  it  did  not  exist 
formerly.**  On  the  other  hand,  M.  Arvelandsr  thinks  he 
may  conclude,  from  the  numerous  observations  that  he  made 
at  Abo  (lat.  60^  27'  N.),  in  Finland,  that  this  dark  segment  is 
something  real ;  he  rests  upon  the  fact  that  the  sky  has  a 
darker  appearance  before  the  phenomenon  occurs,  and  that 
the  twilight  appears  of  a  reddish  brown,  and  is  gradually 
confoun<kd  witn  the  obscure  base. ' 

The  culminating  point  of  this  s^ment  is  generally  found 
in  the  magnetic  meridian.  Although  several  exceptional 
cases,  observed  in  high  latitudes,  are  quoted,  yet  the  number 
of  positive  facts  is  sufficient  to  remove  all  doubts  from  this 
subject.* 

*  The  summit  of  the  Arc  does  not  always  exactly  coincide  with  the  mag- 
netic meridian.  Accidenial  perturbations  may  alter  the  currature  of  the 
luminous  bands,  and  throw  the  point  of  culmination  to  the  right  or  left  of 
this  great  circle.  There  eren  exist,  in  certain  regions,  corutarU  causes 
which  tend  to  deTiate  the  said  point  to  a  certain  amount,  and  constantly  in 
the  same  direction.  Thus,  at  Abo  (Finland),  M.  AaoELAMDBE  found  that 
this  summit  was  1 1"  west  of  the  magnetic  meridian.  At  Bosekop  (Lapland) 
the  hybemating  members  of  the  French  commission  obtained  a  dmilar 
result.  The  deriation,  in  like  manner,  takes  place  towards  the  west ;  but  it 
is  very  probable  that  it  Is  less  for  arcs  slightly  elerated  above  the  north  ho- 
riion,  than  for  the  same  arcs  at  the  moment  of  their  passage  to  the  zenith 
of  the  obserrer.  The  mean  of  120  observations  gives  7*  deviation  for  the 
first  of  these  two  cases,  and  14**  for  thcsccond.  Should  we  eventually  prove 
that  by  ascending  vertically  in  the  atmosphere  (in  Lapland  and  Finland)  the 
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LvMiNous  Arc. — The  dark  segment  is  bounded  by  s 
luminous  arc ;  from  M.  Argelander's  observations,  it  is  of 
a  brilliant  white  colour  passing  slightly  to  blue.  When  the 
twilight  is  not  entirely  over,  it  becomes  a  little  yellowish,  or 
even  greenish  :  its  width  is  equal  to  one,  two,  or  even  three 
apparent  diameters  of  the  fall  moon.  The  lower  edge  is 
cfearlv  defined,  but  the  upper  is  only  so  when  the  width  is 
very  limited ;  it  is  effaced  as  its  width  increases,  and  a  pe- 
riod arrives  when  there  is  no  certain  limit,  but  at  which  its 
luminosity  is  confounded  with  the  brightness  of  the  sky :  its 
brightness  is  then  very  vivid ;  and,  whilst  only  a  narrow  arc 
illuminates  the  northern  horizon,  a  wider  arc  illuminates 
the  whole  sky,  like  the  full  moon  half-an-hour  after  it  ]ias 
risen. 

This  luminous  arc  is  a  portion  of  a  circle  of  which  each 
spectator  sees  a  different  part ;  we  may,  with  M.  Hansteen^ 
represent  all  the  phenomena  by  means  of  the  brass  circles 
placed  near  the  north  pole  on  our  terrestrial  globes,  and  on 
which  the  hours  are  traced.  Suppose  that  a  small  insect  is 
crawling  on  the  globe,  following  the  60*^  parallel  of  north 
latitude,  it  will  only  see  a  part  of  the  circle,  because  the 
greater  portion  is  concealed  from  him  by  the  globe,  and  is 
consequently  below  the  horizon.  The  most  elevated  part  of 
the  arc  visible  to  him  is  just  at  the  north :  if  he  approaches 
nearer  the  small  circle,  he  sees  a  larger  portion ;  if  he  is 
below  it,  then  the  circle  is  at  his  zenith ;  if  he  approaches 
the  pole,  and  goes  within  the  circle,  then  the  culminating 
point  is  towards  the  south.  The  middle  of  the  aurora  pro- 
bably corresponds  with  the  ma^etic  pole ;  if  we  are  at  the 
east  of  the  latter,  the  arc  will  be  directed  from  north  to 
south,  and  the  culminating  point  will  be  in  the  west :  this  is 
actually  the  case  in  Greenland.  In  the  north  of  this  country 
the  arc  is  in  the  south ;  as  Parry  noticed  it  in  Melville  Isle. 
The  arc  must  also  rise  in  proportion  as  we  approach  the 
north ;  it  must  even  sometimes  appear  elliptical,  as  seyerid 
observers  in  Scandinavia  mention. 

When  the  aurora  is  very  brilliant,  we  sometimes  see  one 
or  more  arcs  more  elevatea  toward  the  zenith,  and  concen- 
tric with  the  first ;  during  severe  frosts,  white  arcs  have 
been  observed  at  a  considerable  height ;  philosophers  regard 

m^netic  meridian  goes  more  and  more  to  the  west,  the  divergences  that 
we  have  pointed  out  may  be  easily  explained:  by  the  angular  devia^ 
tion  beyond  the  magnetic  meridian  a  valuable  datum  would  be  obtained, 
whence  we  might  deduce  the  vertical  elevation  of  the  arcs  of  the  aurora 
borealis. — B. 
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them  as  reflections  of  the  aurora  borealis,  the  light  of  which 
is  reflected  to  the  observers  by  frozen  particles,  and  forms  a 
brilliant  arc  on  the  ekj. 

Radiation. — When  the  luminous  arc  is  formed,  it  fre- 
quently remains  visible  for  several  hours ;  however,  it  is  not 
motionless,  but  in  perpetual  movement.  The  arc  rises  and 
falls ;  extends  toward  the  west  and  the  east,  and  breaks  in 
various  places.  These  motions  become  verv  remarkable, 
when  the  aurora  borealis  extends  and  shoots  forth  rays :  the 
luminous  arc  then  becomes  more  brilliant  at  one  point,  it 
encroaches  upon  the  dark  segment,  and  a  brilliant  light, 
like  that  of  the  arc,  ascends  toward  the  zenith.  Its  width  is 
nearly  that  of  the  apparent  semi-diameter  of  the  moon, 
rarely  more ;  it  is  more  brilliant  in  the  middle,  and  less  to- 
ward the  edges,  which  are  perfectly  detached  on  the  azure 
of  the  sky.  This  ray  darts  with  the  rapidity  of  lightning 
to  the  middle  of  the  vault  of  the  skies,  it  is  divided  above 
into  several  secondary  rays,  and  takes  the  appearance  of  an 
illuminated  pencil;  now  it  frequently  ascends  vertically, 
rarely  making  an  angle  with  the  horizon.  Sometimes  it  is 
elongated,  at  other  times  shortened,  and  scarcely  ever  pre- 
serves the  same  form  for  several  successive  minutes ;  but  it 
moves  toward  the  east  and  the  west,  and  bends  like  drapery 
shaken  by  the  wind ;  it  then  gradually  becomes  paler,  and 
finally  disappears,  to  give  place  for  other  rays.  If  these 
rays  are  very  bnlliant,  they  sometimes  present  tints  of  a 

green  or  of  a  deep  red  colour ;  if  they  do  not  rise  to  a  great 
eight,  then  the  arc  resembles  a  comb  furnished  with  its 
teeth. 

NoBTHEBN  CoBONA. — When  the  rays  darted  forth  by 
the  luminous  arc  are  very  numerous,  and  their  palpitating 
lights  rise  to  the  zenith,  they  form  a  northern  corona,  the 
centre  of  which  is  on  the  dipping  needle  produced :  this 
corona  forms  the  most  beautiful  and  the  most  remarkable 
portion  of  the  phenomenon.  The  whole  sky  seems  to  be  a 
cupola  on  fire,  supported  by  columns  of  divers  colours. 
When  the  rays  are  darted  less  vividly,  the  corona  soon  dis- 
appears ;  here  and  there  a  nale  light  is  visible,  which  mo- 
mentarily increases,  and  is  tnen  extinguished,  together  with 
the  luminous  arc. 

The  intimate  connexion  of  the  aurora  borealis  with  ter- 
restrial magnetism,  proved  by  the  position  of  the  arc  and 
of  the  northern  corona,  is  still  more  evident  when  the  co- 
lumns are  considered.  'WUite,  who  has  directed  his  atten- 
tion to  this  point,  has  endeavoured  to  prove  that  all  the  rays 
are  parallel  to  the  dipping  needle :  the  same  is  the  case,  ac- 
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cording  to  M.  Haasteen,  with  the  black  rays  of  the  aurora, 
corresponding  to  the  black  segment.  We  indeed  very  fre- 
quently see  black  rays,  or  columns  of  the  same  colour,  rise 
like  smoke  below  the  luminous  arc  or  the  electric  aurora ; 
these  black  rays  have  the  same  mobility,  and  change  as 
quickly  as  the  luminous  rays.  M.  Haaateen  and  oUiers 
nave  distinctly  seen  them  in  Norway;  however,  authors 
rarely  doubt  tnis. 

Admitting  that  the  rays  are  columns  of  greater  or  less 
elevation,  parallel  to  the  dipping  needle,  we  can  understand, 
from  the  laws  of  perspective,  that  they  must  apparently 
unite  in  the  direction  or  the  dipping  needle  produced ;  it  is 
the  same  illusion  as  that  proauced  on  a  field  b^  a  great 
number  of  parallel  furrows,  which  seem  to  unite  in  a  point 
situated  on  the  prolongation  of  the  furrow  that  passes 
through  our  eye.  The  luminous  arc  above  a  black  s^;ment 
has  the  same  origin;  if  it  rises  sufficiently  high  in  the 
heavens,  it  sometimes  seems  broken  in  this  point :  whence 
we  are  justified  in  concluding  that  it  is  composed,  like  the 
rest  of  the  aurora,  of  luminous  pencils,  parallel  to  the  dip- 
ping needle,  and  which  have  not  the  appearance  of  a  conti- 
nuous luminosity,  only  because  the  mtervals  are  filled  by 
series  of  pencils  placed  behind  each  other. 

EXTENT  OF  AUROR2B  BOREAliES.— We  may  per- 
ceive isolated  aurone  boreales  over  a  very  extended  space ; 
the  same  aurora  has  frequently  been  seen  in  the  whole  of 
the  north  of  Europe  and  in  Italy.  January  5,  1769,  a 
beautiful  aurora  was  seen  in  Pennsylvania  and  in  France ; 
the  beautiful  aurora  of  January  7,  1831,  was  admired  in  all 
central  and  northern  Europe,  and  Lake  Erie,  in  North 
America.  Other  analogous  examples  may  be  quoted.  We 
may  hence  conclude  that  a  great  portion  of  the  ^lobe  is  con- 
cerned in  the  production  of  the  phenomenon ;  its  grandeur 
becomes  still  more  striking,  when  we  reflect  that  aurone  bo- 
reales have  been  seen  tft  the  same  time  at  both  poles  of  the 
globe.  If,  indeed,  we  analyse  Cook's  observations,  we  find 
that  every  time  he  ol)served  an  aurora  australis,  mention  is 
made  by  observers  of  auroras  boreales  seen  in  Europe,  or  at 
least  the  agitation  of  the  magnetic  needle  proves,  that  they 
did  exist  in  the  neighbourhood  of  the  north  pole.* 

*  The  following  are  a  few  facts,  of  more  recent  data,  to  which  the  namet 
of  the  observers  give  great  authority. 

The  aurora  borealis  of  October  18,  1836,  was  seen  at  Dorpat,  by  M. 
8TRUVS  ;  at  Caen,  by  M.  Masson  ;  at  Cherbourg,  by  MM.  OAcaor  and  Vb» 
RDSMOR ;  at  Corbigny  (Nidvre),  by  M.  Charb,  civU  engineer ;  at  Genera, 
by  M.  Wartmann  ;  and  at  Forli  (Roman  States),  by  M.  Maxtrucci.  At 
Geneva,  the  height  of  the  luminous  arc  waa  25^  at  Dorpal,  90* ;  BL  Wabt- 
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PERIODICITY    or    AURORA    BORBAIiSS.  —  The 

fact,  that  aurone  horeales  are  frequently  visible  at  places 
differing  greatly  in  longitude  from  each  other,  sufficiently 
proves  that  thev  are  not  manifested  at  any  determinate  hour 
of  the  night ;  tney  are  seen  both  in  the  evening  and  in  the 
morning.  According  as  their  light  is  more  or  less  intense, 
they  may  be  seen  at  a  greater  or  a  less  period  after  sunset. 
Rlebardaon  saw,  near  Bear  Lake,  the  palpitations  of  the 
aurora  before  the  total  disappearance  of  the  light  of  day; 
during  the  day  he  had  seen  clouds  arranged  in  arches  and 
columns,  like  the  light  of  the  aurora.*^ 

Their  appearance  is  subject  to  an  annual  period;  this 
period  wouuf  be  still  more  evident,  if  it  were  not  disguised 
by  the  unequal  length  of  the  days  in  the  different  seasons. 
Suppose,  indeed,  tlmt  at  every  hour  of  the  day  and  night, 
there  was  an  equal  possibility  for  the  production  of  the 
aurora  borealis,  then  the  number  of  those  that  would  be 
seen  in  winter  must  be  greater  than  that  of  the  summer 
aurora,  because  the  prolonged  darkness  permits  us  to  see 
them  more  frequently.    If,  then,  they  were  more  frequent 

UAVHt  therefore,  concluded  that  the  aurora  has  an  eloTatlon  of  200  leagues 
above  tiie  surface  of  the  earth.  At  Paris  the  weather  was  cloudy,  but  the 
aurora  was  announced  and  faidicated  by  the  agitation  of  the  magnetic 
needle. 

Another  aurora,  that  of  September  3,  1839,  was  obserred  in  the  Isle  of 
Sky,  lat.  57**  22^  N.,  by  M.  Necksb  db  Sadssube  ;  at  Paris  by  the  astronomers 
of  the  Obsenratory ;  at  New  Haven,  in  CmmecUcut,  by  Bfr.  UsaaicK ;  and 
at  New  Orleans,  bv  obsenrers  worthy  of  credit. 

As  fiur  as  what  latitude  are  aurora  risible  ?  Auroras  are  related  as  having 
been  seen  at  Macao,  at  Caraooas,  Ibc. ;  but  the  following  is  the  most  remaric- 
able  of  all  the  observations  that  have  come  to  my  knowledge.  January  14, 
1831,  M.  Lapond,  commanding  the  brig  Candid,  being  in  45**  south  latitude, 
and  in  the  longitude  of  the  centre  of  New  Holland,  saw  In  the  N.E.,  between 
9  and  1 1  p.  m  .,  an  aurora  borealis  which  he  describes  and  characterises  per> 
fJBCtly.  (Vide  Compta  rendus  de  I'Acad.  de»  Seiencet^  t.  iv.  p.  589 ;  t.  ill. 
pp.  518,  536,  and  585 ;  1. 11.  p.  329 ;  t.  Ix.  pp.  354,  874,  and  603 ;  t.  xll.  p.  347.) 

*  It  follows,  from  the  observations  made  by  the  French  commission  in 
the  north,  that  this  succession  of  phases,  through  which  the  aurora  borealis 
passes,  is  subject  to  an  incontestable  diurnal  periodicity,  which  is  manifested 
when  the  number  of  olMenra^ons  is  considerable.  Thus  the  arches,  the  rays, 
the  ooronse,  do  not  appear  indifferently,  or  at  least  with  equal  facility,  at  all 
hours  of  the  night.  The  rays,  coloured  red  and  green,  the  most  brilliant 
part  of  this  beautiftd  meteor,  which  act  so  powerftilly  on  the  magnetic 
needle,  are  for  the  most  part  manifested  about  ten  o'clock  in  the  evening  ; 
and  their  appearance  Is  rare  after  four  o'clock  in  the  morning :  the  nebulous 
plates,  of  a  grey  and  continually  varying  light,  prevail,  on  the  contrary, 
during  the  second  half  of  the  night. 

The  same  periodici^  is  found  In  the  displacements  of  the  magnetic 
needle,  which  are  snl>onUnate  to,  or  at  least  simultaneous  with,  the  aurora ; 
It  Is  found  in  the  state  of  those  needles,  which  are  more  calm  or  disturbed 
according  to  the  dilforent  hours  of  the  day :  it  is  understood  that  the  habitual 
diurnal  solar  variation  must  be  previously  calculated,  and  subtracted  troai 
the  effects  of  the  aurora  borealis,  before  drawing  any  conclusions  from  the 
observations.— B. 
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in  winter,  it  would  be  very  readily  explained  by  this  circnm- 
stance ;  but  Mairaa  and  others  haye  already  observed,  that 
their  number  was  very  considerable  about  the  period  of  the 
equinoxes.  The  following  table  represents  the  number  of 
aurone  that  have  been  seen  in  each  month  : 

KUMBES  OF  AUBO&iE  BOBSALB8  IN  EACH  MOUTH. 


January  229 

February 307 

March 440 

April    312 

May     184 

June    65 


July    87 

August    217 

September 405 

October   497 

November 285 

December    225 


If,  therefore,  the  number  of  aurone  is  greater  in  winter 
than  in  summer,  it  is  on  account  of  the  greater  length  of  the 
nights :  we,  however,  find  two  maxima,  one  in  IVuurch,  the 
other  in  September  and  October ;  in  each  of  these  months 
they  are  much  more  frequent  than  in  the  winter  months. 

Besides  this  annual  period,  there  is  another,  a  secular 
period,  on  which  we  know  nothing  positive.  We  find  that, 
for  a  certain  number  of  years,  there  is  abundance  of  aurorse ; 
then  their  number  diminishes,  they  become  rare,  and,  at  the 
end  of  a  certain  time,  they  become  more  frequent.  A  period 
of  this  kind  is  comprised  between  1707  and  1790 ;  it  attained 
its  maximum  about  1752 ;  there  was  then  a  series  of  twenty 
years,  during  which  they  were  more  rare,  but  from  the  year 
1820,  they  have  again  become  more  common.* 

HEIGHT  OF  AURORA  BORSALE8.— Many  philo- 
sophers and  astronomers  have  endeavoured  to  determine  the 
height  of  aurone  boreales  above  the  surface  of  the  earth,  by 
comparing  the  apparent  height  of  the  arc,  as  seen  at  difiTerent 
places ;  but,  as  it  is  probable  that  each  observer  sees  lus  own 
particular  arc,  the  results  thus  obtained  are  not  certain: 
experience  supports  this  opinion.  Thus  MM.  COurlstlt 
and  Hansteen  calculated  the  height  of  the  aurora  of 
January  7,  1831 ;  but,  on  combining  their  observations,  we 
find  heights  varying  between  37  and  192  kilometres. 
Ancient  philosophers  attributed  to  aurora;  a  height  of  at 
least  750  kilometres ;  modem  observers  have  reduced  this 
height  to  150. 

*  From  September  12.  1838,  to  April  18, 1839,  the  French  obBerren,  who 
were  wintering  at  Boeekop,  under  the  70th  degree  of  north  latitude,  counted 
ld3  Mirorte  boreales,  perfectly  characterlaed,  and  liz  or  lereD  doubtftil  onea. 

From  January  1  to  September  3, 1839,  Mr.  Hxesiok  regiitered  twenlj* 
two  anrone  borealee  at  New  Haten,  lat.  41''  18'  N.,  long.  75*  18'  W.— M. 
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Whilst  ancient  philosophers  gave  the  aurora  borealis  a 
height  above  that  of  our  atmosphere,  some  modern  observers 
think  that  it  does  not  exceed  the  region  of  the  clouds ;  lately 
MM.  Thlenexnann,  Wranffel,  and  Stmvei  assi^  it  a  very 
inconsiderable  height.  It  is  chiefly  to  the  shepherd  Farqu- 
iiarBon,  at  Alford,  in  Aberdeenshire,  that  we  are  indebted 
for  a  long  series  of  observations  on  auroras;  and  he  endea- 
voured to  prove  that  their  height  is  inconsiderable.  Thus 
he  once  saw  a  very  extensive  mass  of  clouds  on  the  horizon 
in  the  N.  and  N.E.,  whilst  the  rest  of  the  sky  was  clear ; 
this  mass  was  illuminated  by  the  rays  of  the  aurora  that 
sprung  out  of  it,  as  if  by  the  moon  at  its  full,  whilst  other 
clouds  in  the  sky  were  not  illuminated.  It  was  impossible, 
he  said,  to  assign  to  this  aurora  a  sreater  distance  than  that 
of  the  clouds,  or  to  doubt  their  both  forming  part  of  a  single 
phenomenon.  December  20,  1829,  a  very  brilliant  aurora 
was  visible  from  half-past  8  to  11  p.m.,  above  a  bank 
of  very  thick  clouds,  that  covered  the  tops  of  the  mountains 
situated  at  the  north  of  the  place  at  which  he  dwelt :  although 
the  rest  of  the  sky  was  clear,  yet  the  aurora  did  not  go 
beyond  a  height  of  20  degrees.  At  the  same  time,  another 
Protestant  nunister,  Mr.  James  Panll,  at  TuUynessle,  4  kilo- 
metres from  Alford,  saw  that  the  aurora  possessed  an 
unusual  clearness  in  the  zenith,  so  that  its  height  did  not 
perhaps  exceed  1300  metres. 

The  observations  made  by  English  sailors  in  the  north 
seem  to  lead  to  the  same  results ;  Parry  says  that  he  has 
even  seen  a  ray  of  the  aurora  borealis  dart  towards  the 
earth,  at  a  little  distance  before  him.  ^Yhen  aurorae 
boreales  are  visible  over  a  great  part  of  the  earth,  it  would 
follow  that  their  rays  extend  over  a  great  surface. 

NOI8B  ACCOMPANYING  THE  AURORA  BOREA- 
LIS.— In  high  latitudes,  some  observers  have  heard  a  par- 
ticular noise  during  the  aurora  borealis;  some  compare  it  to 
the  nistUng  of  silk  stuff,  when  rolled  upon  itself;  others  to 
the  crack  of  the  electric  spark ;  some  to  the  noise  of  a  fire 
agitated  by  the  wind.  This  noise,  it  is  said,  is  the  more 
intense  when  the  rays  are  darted  with  vigour.  Other 
observers,  worthy  of  all  confidence,  have  never  heard  the 
least  noise  in  Scandinavia ;  the  English  do  not  speak  of  it  in 
their  voyages  to  the  north ;  Thlenemann,  in  Iceland,  and 
'WrwMt^l,  on  the  coasts  of  Siberia,  have  never  heard  any 
thing :  be  it  as  it  may,  it  would  follow  that  this  noise  does 
not  accompany  all  auroras  boreales.  Whatever  the  case 
may  be,  tnis  noise  is  easily  explained,  without  reckoning 
that  it  may  be  confounded  with  the  whistling  of  the  wind. 
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to  which  no  attention  is  paid  when  the  mind  is  distracted  by 
other  noises,  but  which  is  noticed  when  we  contemplate 
tranquilly  an  extraordinary  phenomenon.  If  a  smgle 
observer  had  been  able  to  measure  the  interval  that  had 
elapsed  between  the  darting  of  the  rays  and  this  noise,  not 
only  would  its  reality  have  been  proved,  but  we  might  even 
deduce  from  it  the  height  of  aurone  boreales.  No  one  has 
ever  spoken  of  this  interval.  If  we  suppose  for  the  rays  a 
distance  of  two  myriametres,  I  cannot  say  whether  the  noise 
would  reach  us ;  during  storms,  I  have  never  found  that 
more  than  forty  seconds  elapsed  between  the  lij^htning  and 
the  thunder.  It  would  not  oe  correct  to  cite  in  this  place 
the  distances  to  which  the  noise  of  cannon  has  reached :  for, 
on  the  one  hand,  the  ground  transmits  sound  more  quickly 
than  air,  and,  on  the  other  hand,  this  sound  is  propagated  in 
a  stratum  of  air  of  the  same  temperature,  whilst  that  which 
is  produced  in  the  higher  strata  of  the  atmosphere  is  trans- 
mitted into  strata  of  aifferent  density.* 

STATE  OF  THE  ATMOSPHERE  DURING  AURORJB 

BOREALES. — The  connexion  between  the  aurora  borealis 
and  certain  states  of  the  atmosphere  is  not  less  problem- 
atical than  the  noises  that  accompany  it.  In  all  countries, 
where  they  frequently  appear,  all  the  changes  that  occur  in 
the  weather  are  attributed  to  the  aurora ;  but  the  results  are 
so  discordant,  that  it  is  impossible  to  draw  from  them  any 
reasonable  conclusion,  and  the  more  so  as  the  observations 
are  never  applicable  except  to  a  determinate  locality.  Now, 
as  the  aurorae  are  not  only  visible  in  Europe,  but  also  in 
America,  we  ought  to  know  the  mean  state  of  the  atmo- 
sphere over  great  spaces  after  aurorsc :  this  is  not  possible  in 
the  present  state  of  practical  Meteorology.  We  may  draw 
one  solitary  conclusion  from  all  existing  observations;  it  is 
that  brilliant  aurorae,  which  dart  much  into  rays,  are  fre- 

*  During  their  wintering  at  Boeekop,  MM.  Lottin,  BftAVAii,  Liun- 
BOOK,  and  Siljestbckm*  never  lieard  any  particular  noise  during  aurone 
boreales.  On  returning  to  France,  through  Lapland  and  Sweden,  M.  Bsa- 
▼AU  and  mjrself  Inquired  of  all  the  intelligent  persons  that  we  met.  To  our 
question,  Have  jou  heard  the  noise  of  the  aurone  boreales  ?  their  answer 
was  almost  always  affirmative ;  but,  when  we  inquired  what  the  nature  of 
this  noise  was,  we  obtained  the  most  contradictory  replies.  When  we 
insisted  on  the  possibility  of  confounding  it  with  the  noise  of  the  wind,  that 
of  agitated  trees,  the  rustling  of  snow  swept  l>efore  the  wind,  or  the  murmur 
of  the  waves  of  the  sea,  we  arrived  at  the  conviction  that  these  observers 
were  not  on  their  guard  against  all  such  causes  of  errors :  these  noises  struck 
them  in  the  silence  of  the  night,  and  because  they  were  concomitant  with  a 
brilliant  phenomenon,  which  attracted  their  attention.  Thus  these  persons 
themselves  were  Anally  led  to  share  in  our  incredulity,  and  to  oonfius  that 
they  had  adopted  the  received  opinion,  but  that  their  conviction  was  not  the 
result  of  an  attentive  and  faithful  observation.— M. 
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aaently  the  precursors  of  gasts  of  wind,  and  of  an  anormal 
distribution  of  heat  over  the  surface  of  the  globe.  But,  as 
this  subject  is  at  present  little  known,  I  will  not  dwell  upon 
it  longer. 

It  is  also  equally  impossible  to  say  whether  the  atmo- 
spheric electricity  is  generally  more  ^werful  than  usual ;  if 
certain  obseivers  have  re^stered  this  fact,  no  one  has  well 
studied  the  nature  of  this  electricity  when,  with  a  serene 
sky,  the  aurora  borealis  has  not  been  seen  in  the  heavens. 

TERRESTRIAL  MAGNETISM   DURING  AURORJB 

BOREAliES. — ^The  connexion  between  aurorae  boreales  and 
terrestrial  magnetism  cannot  be  denied;'*  the  culminating 
point  of  the  arch  is  found  sensibly  in  the  magnetic  meridian, 
and  the  centre  of  the  northern  corona  in  the  line  of  the 
dipping  needle  produced ;  moreover,  the  magnetic  needle  is 
very  much  agitated  during  aurorte,  as  C«laliui  and  Hlorter 
saw,  for  the  first  time,  at  Upsal,  March  1,  1741.  Some- 
times it  is  deviated  several  minutes  or  degrees  to  the  east,  it 
is  agitated,  and  returns  slowly  or  rapidly  into  the  plane  of 
the  meridkn,  which  it  occasionally  passes  to  go  toward  the 
west.  The  oscillations  of  the  needle  are  as  variable  as  the 
aurore  boreales  themselves.  Sometimes  the  needle  is  very 
quiet ;  but  this  happens  when  the  arc  is  motionless  on  the 
horizon;  as  soon  as  it  commences  to  dart  forth  rays,  its 
declination  chanses  every  moment:  this  happens  m  our 
latitudes,  even  when  the  auroras  are  not  visible  except  near 
the  pole.  The  connexion  existing  between  the  rays  of  the 
aurora  and  the  movements  of  the  needle  has  not  yet  been 
sufficiently  studied;  we  are  ignorant  whether  the  north 
pole  is  attracted  or  repelled:  and  this  cannot  be  known, 
without  making  a  great  number  of  corresponding  obser- 
vations. 

According  to  WUke,  the  dip  is  as  variable  as  the  declina- 
tion during  great  aurorse  boreaies ;  the  needle  rises  and  falls 
with  the  northern  corona :  the  same  remarks  are  made  upon 
the  intensity.  According  to  M.  Hansteen,  it  frequently 
increases  greatly,  a  short  time  before  the  appearance  of  the 
aurora ;  but,  as  soon  as  the  aurora  b^:ins,  it  diminishes  in 
proportion  to  the  brilliancy  of  the  meteor,  and  it  then 
returns  slowly  (frequently  not  until  the  end  of  twenty- four 
hours^  to  its  prunitive  value:  other  observers  have 
established  this  fact* 

M  ride  Note  X,  Appendix,  No.  II. 

*  M.  BmAVAia  oonciuded,  from  his  obMnratkmB  at  BoMkop  (Ut.  69*  68'  N.) 
on  the  Tulatlont  of  Tertlcal  intensity  (Tertle*!  complement  of  the  magnetle 
torot),  that  this  element,  on  the  appearance  of  anrons  boreales,  midergoea 
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CAUSE  OF  AXTRORiE  BOREAiiES.  —  Although  they 
are  evidently  intimately  connected  with  magnetism,  it  is  yet 
impossible  to  say  what  this  connexion  is.  Undoubtedly  we 
are  tolerably  well  acquainted  with  the  laws  of  the  distribu- 
tion of  magnetism  on  the  surface  of  the  earth,  but  we  are 
yet  ignorant  whether  the  earth  is  composed  of  magnetic 
particles,  or  whether  interior  magnetic  currents  determine 
the  direction  of  the  needle :  one  thing  is  certain,  that  the 
distribution  of  magnetism  is  connected  with  that  of  heat, 
since  the  poles  of  cold  and  the  magnetic  poles  probably 
coincide. 

Imagine  any  cause  whatever,  such  as  the  anormal  dis- 
tribution of  temperature,  to  disturb  the  equilibrium  of  the 
magnetic  fluid,  and  increase  its  force :  then  there  is  a  mag- 
netic spark,  like  that  produced  by  an  artificial  magnet. 
Take  a  copper  wire  covered  with  silk,  and  having  at  one  of 
its  extremities  a  small  copper  plate,  made  very  clean ;  wind 
the  whole  on  a  helix  round  a  magnet,  and  bend  the  other 
extremity  of  the  wire,  so  that  it  may  not  be  far  distant  from 

changes  analogous  to  those  of  horizontal  intensity.  In  gener&U  its  Taltte 
bicreascs  when  the  aurora  horealls  appears  or  is  about  to  appear,  it  then 
diminishes  during  the  most  active  period  of  this  phenomenon. 

M.  SiUESTBCKM,  on  his  part,  has  discussed  the  observations  that  he  made 
In  the  same  place,  and  has  compared  together  the  simultaneous  variations  of 
magnetic  declination,  dip  and  horizontal  intensity.  He  has  also  arrived  at 
this  remarkable  law  :  "  When  the  north  pole  tends  towards  the  west,  the 
dip  generally  diminishes,  and  the  horizontal  Intensity  increases." 

At  the  same  time,  and  likewise  according  to  the  same  observations,  whea 
the  north  pole  moves  toward  the  west,  the  vertical  intensity  increases,  but 
In  a  less  ratio  than  the  horizontal  intensity.  If,  for  example,  the  latter 
Increases  one-tenth  of  its  value,  the  vertical  complement  will  increase  one- 
twentieth  or  one-twenty-flfth  of  its  value :  the  diminution  observed  In  the 
dip  is  the  result  of  these  two  unequal  increments. 

Every  time  that  a  magnetic  W  is  deviated  from  its  position,  we  may 
imagine  a  horizontal,  a  vertical,  or  an  oblique  force  applied  to  its  northern 
extremity,  and  the  inverse  force  to  its  southern;  and  that  the  change 
observed  is  the  resultant  of  this  double  disturbing  force,  superadded  to  the 
ordinary  forces.  If  we  now  refer  this  to  the  law  of  simultaneous  variation, 
discovered  by  Siljebtrgbic,  and  interpret  it  according  to  the  preceding 
remark,  we  shall  easily  conclude  that  the  disturbing  forces  are  not  indif- 
ferently susceptible  of  all  the  different  directions  that  it  is  possible  to  imagine, 
and  that  they  affect  a  preference  for  a  certain  direction,  of  which  ftitnre 
observations  may  permit  us  to  catch  a  glance,  without  granting  rigorous 
determination.  This  identity  of  direction  enables  us  to  detect  a  community 
of  origin,  a  sort  of  focus  situated  probably  in  the  interior  of  the  globe,  and 
whence  these  forces  emanate :  the  latter,  moreover,  might  be  attractive  or 
repulsive  of  the  north  pole  of  needles.  On  placing  a  magnetic  needle  at 
Bosekop,  in  such  a  manner  that  it  declined  33**  to  the  west  of  the  astro- 
nomical meridian,  with  a  dip  of  60**,  its  direction  produced  into  the  earth 
would  meet  this  focus  of  disturbing  magnetic  forces.  ObservaUoo  ftutber 
proves  that  the  forces  usually  act  by  attraction  on  the  north  pole,  at  the 
period  when  the  aurora  appears,  and  by  repulsion  toward  the  middle  and  the 
end  of  the  phenomenon.  It  remains  now  to  know  whether  these  indicatlona 
will  be  confirmed  by  simultaneous  observatifms  made  in  diifBrent  points  of 
the  globe.— M. 
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the  copper  plate,  and  may  be  at  liberty  to  touch  it :  you 
will  see  a  spark  between  the  two  extremities  of  the  wire 
every  time  you  break  or  make  the  circuit,  that  is  every  time 
you  change  the  magnetic  state  of  the  magnet. 

The  aurora  borealis  appears  to  be  an  analogous  phe- 
nomenon, due  to  a  rupture  m  the  magnetic  equilibrium  of 
the  globe ;  but,  to  explain  all  the  circumstances  presented 
by  Oie  aurora,  is  impossible  in  the  present  state  of  our  know- 
ledge. In  my  Treatise  an  Meteorology  I  have  discussed  the 
different  hynotheses  put  forth  on  this  subject ;  ]>erhaps  the 
magnetic  effluvia  are  spread  in  the  ran6ed  air  like  the 
electric  fluid  in  vcicuOf  and  we  can  imagine  that  their  direction 
would  be  that  of  the  needle  when  freely  suspended. 


PROBLEMATIC  PHENOMENA. 


When  we  study  the  history  of  the  attempts  that  have 
heen  made  to  explain  natural  phenomena,  we  see  that  men 
are  always  attached  to  all  those  that  present  any  thing  mar- 
vellous.  From  the  time  when  Galileo  proved  that  the  laws 
of  the  fall  of  hodies  are  of  the  highest  importance  in  physics, 
this  tendency  has  been  a  little  modified ;  however,  meteor- 
ology still  feels  its  baneful  influence.  Where  are  the 
observers  who  are  occupying  themselves  in  the  regular 
succession  of  the  modifications  of  the  atmosphere,  and  the 
philosophers  who  are  seeking  to  recognise  their  laws  ?  It  is 
a  trouble  to  them  to  look  at  their  instruments.  But,  when 
the  barometer  or  the  thermometer  presents  an  extraordinary 
rise  or  fall,  then  all  the  world  are  astonished,  and  begin  to 
flatter  themselves  that  meteorologists  will  draw  some  beau- 
tiful results  from  it.  I  have  many  times  had  occasion,  in 
the  course  of  this  work,  to  shew  that  these  extraordinary 
facts  teach  us  nothing,  precisely  because  they  are  observed 
isolatedly,  without  any  trouble  being  taken  as  to  what  pre- 
cedes them,  and  without  examination  made  of  what  follows. 
These  reflections  are  especially  applicable  to  the  facts  that 
we  are  about  to  study  in  this  section.  Showers  of  sulphur, 
of  blood,  of  ignited  meteors,  &c.,  have,  from  the  most  distant 
times,  produ^  a  great  sensation ;  men  of  the  world  r^ard 
them  as  being  the  principal  objects  toward  which  meteor- 
ologists should  direct  their  attentions.  But  the  latter  award 
to  them  no  higher  importance  than  zoologists  award  to 
monstrosities,  the  interest  of  which  cannot  be  equal  to  that 
of  the  entire  animal  series.  These  subjects  verge  on 
romance,  but  they  are  not  fertile  in  condusions  and  in 
instruction. 
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SHO'WERS  OF  SULPHUR. — Formerly,  and  even  at  tbe 
present  time,  flowers  of  sulphur  have  been  said  frequently 
to  fall  with  the  rain;  after  heavy  showers,  quiet  waters 
were  found  covered  with  a  yellowish  dust ;  and,  as  it  was 
easily  inflamed,  it  was  concluded  to  be  sulphur :  every  year 
the  newspapers  contained  notices  of  it.  More  acccurate 
researches  have  proved  that  this  dust  is  nothing  else  than 
the  pollen  of  certain  flowers,  and  of  pines  in  particular,  which 
was  swept  off  by  the  wind,  and  precipitatea  with  the  rain ; 
EUholts  had  said  this  as  long  ago  as  1676.  The  nature  of 
the  pollen  depends  on  that  of  the  vegetables  that  grow 
withm  a  certain  distance.  Schmleder  believes  that,  in 
March  and  April,  it  is  the  pollen  of  alders  and  filberts ;  in 
May  and  June,  that  of  pines,  elders,  brich ;  in  July,  August, 
and  September,  that  of  lycopodinm,  iypha,  and  several 
species  of  eguisetum.  When  ponds  are  covered  with  this 
dust,  these  vegetable  productions  are  generally  found  in  the 
neighbourhood,  and  m  the  woods  they  are  found  in  spots 
exposed  to  the  winds. 

BHOVTERS  OF  BLOOD.  —  In  the  chrouides  of  the 
middle  ages,  showers  of  blood  were  often  alluded  to ;  for  red 
spots  were  found  on  the  ground  and  in  the  waters;  and 
superstition  traced  in  this  the  effects  of  divine  anger.  This 
phenomenon  occurred  from  time  to  time.  But  microscopic 
researches  have  proved  that  these  colourings  arose  from 
innumerable  vegetables  or  animals  that  sometimes  filled  the 
waters.  Frequently,  however,  a  red  powder  fell  with  the 
rain,  containing  inorganic  principles,  and  coloured  with  iron 
or  hydrochlorate  of  cobalt. 

Much  attention  has  been  directed  of  late  to  red  snow ; 
de  Sanssure,  Raymond,  and  others,  had  long  ago  seen  it  on 
the  Alps  and  the  Pyrenees.  In  Baffin's  Bay,  Ross  found 
that  the  snow  was  sometimes  penetrated  several  decimetres 
by  the  colouring  substance ;  in  the  Alps,  it  is  observed  on 
declivities  that  are  slightly  inclined.  By  the  microscope, 
they  are  seen  to  be  red  granules,  the  nature  of  which  is  not 
perfectly  known.' 

*  Theae  grannlet  may  be  oontldered  m  vegetables  reduced  to  their  most 
Bimpte  expression  namely,  to  a  cell  filled  iHth  liquid.  A  great  number  of 
infusoria  circulate  in  the  middle  of  theae  utridea,  which  serve  them  for 
nourishment :  the  red  colour  is  the  most  common ;  however,  these  utriclea 
may  become  green  like  other  vegetables.  The  following  observation  Is  a 
proof  of  this:— 

When  wo  landed  at  Spiubeiigen,  July  25,  1838, 1  perceived,  while  travers- 
ing a  field  of  snow  with  my  friend  M.  BaAVAis,  that  the  impression  of  the 
last  steps  that  we  had  made  before  passing  from  the  snow  to  the  earth  were 
of  a  peen  colour.  The  surCsce  itself  of  the  snow  was  white ;  but,  at  a  fow 
oentunetres  beneath,  it  had  the  appearance  of  having  been  watered  by  the 
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SHOlRrER  OF  CORN. — After  heavjy  rains,  bodies  have 
frequently  been  fonnd  on  the  ground,  that  possessed  a  dis- 
tant analogy  to  grains  of  com,  and  appeared,  like  the  latter, 
to  be  composed  mostly  of  fiurina ;  but  it  has  long  ago  been 
demonstrated,  that  these  were  not  grains  of  cereals,  and  that 
they  had  not  fallen  from  the  sky.  MM.  Ooeppert  and 
Tferlranna  have  lately  studied  this  subject. 

In  June  1830,  there  were  found,  near  Greisau,  a  Tillage 
of  Silesia,  after  a  rain-storm,  a  certain  number  of  bodies  of 
a  vegetable  nature  on  places  covered  with  turf.  These  cor- 
puscules  were  exteriorly  of  a  yellovrish  brown,  of  a  trans- 
parent white  within,  spnerical,  occasionally  cylindrical,  being 
m>m  4  to  18°^  long,  and  from  2  to  4  in  diameter.  They 
had  the  taste  of  fiirina,  but  left  in  the  mouth  a  sharp  and 
burning  after-taste.  By  rapid  desiccation,  the  sharp  taste 
disapp^red,  and  the  grain  had  then  the  flavour  of  an 

water  retnlting  ftxnn  a  deooction  of  sidnach.  We  collected  thU  mow ;  and 
on  being  melted,  H  gave  a  slightly  coloured  water.  In  another  ezcanion,  1 
found  thlfl  green  matter,  spread  like  dust  on  the  surface  of  a  field  of  snow, 
the  greater  pcntion  of  which  was  coTered  with  an  enormous  quantity  of 
kofnuUococcuM  tUvalis.  Beneath  the  surface,  and  at  the  sides  of  the  field,  the 
snow  was  also  coloured  green.  I  collected  the  green  matter  from  the  snr&ce, 
and,  after  a  certain  time,  it  was  deposited  at  the  bottom  of  the  Tessel ;  I  then 
decanted  the  greater  portion  of  the  liquid  that  remained  colourless. 

A  drop  of  this  liquid  was  placed  on  the  object  plate  of  a  microscope,  ilia- 
minated  according  to  M.  Dujakdim's  method.  This  skilftil  obserrer  was 
present,  as  weU  as  H.  Biot,  and  we  establinhed  the  following  facts.  The 
water  was  filled  with  a  green  amorphous  matter,  in  the  midst  of  wliich  we 
distinguished  perfoctly  spherical  green  grains  of  protococau.  We  also 
noticed  some  of  a  red  unt,  and  much  larger,  and  also  others  scarcely  of  a  roee 
tint,  and  which  in  some  were  Intermediate  between  the  two  fbrmer.  I  after- 
wards ezamhied  these  red  and  rosy  grains  by  the  microscope,  and  found  that 
this  green  snow  was  composed  of  granules  Tarying  in  size  and  colour. 

Some  appeared  timple  ;  they  were  green  or  of  a  pale  rose  colour,  and 
from  0,01  to  0,05  millimetres  in  diameter ;  a  few  ran  specimens,  of  a  blood  red 
colour,  were  0,02  millimetres.  Other  ^obules  appeared  oonmowud,  namely 
formed  of  an  enTelope  containing  globules  in  the  interior.  Their  diameter 
was  from  0,05  to  0,055  millmietres.  M.  Momtaocb  was  very  anxious  to 
examine  them  with  me,  and  to  take  sketches  of  some  of  them,  under  a  mag- 
nifying power  of  3000  times.  It  had  thick  sides,  and  contained  fire  red 
granidos.    I  could  never  distinctly  see  a  globule  containing  green  granules. 

Having  made  a  ccMnparative  examination  of  Uie  red  snow  (Juemaiocoeeui 
nivalis)  collected  in  the  neighbourhood  of  this  green  matter,  we  were  able  to 
▼erify  the  identity  of  the  red  globules  of  green  snow  with  those  of  red  snow. 
This  latter  presented,  moreorer,  red  chapelets  of  greater  or  lees  lengthSi 
formed  of  simple  globtdes  attached  end  to  end,  and  recalling  to  one's  mind  the 
moUniibrm  appearance  of  species  of  the  genus  torula.  It  is  erident,  tpom 
what  we  hare  just  s^d,  that  the  green  snow  (protoeoeau  viridii),  and  the  red 
snow  (AmnaAwoecicf  mvaUM),  are  one  and  the  same  plant  in  diiferent  states ; 
but  It  is  difiicuit  to  decide  which  is  the  prlmitlTe  state.  HoweTer,  on  reflect- 
ing that  we  see  oolonrless  utricles  containing  red  granules,  which  become 
free  when  the  mother  utricle  disappears,  we  may  reasonably  suppose  that  the 
red  colour  is  peouliw  to  the  young  globules,  which  afterwards  become  green 
under  the  influ«noe  of  lis^t  and  air.  Now,  we  can  imagine  that,  if  the  snow 
is  not  very  old,  or  if  it  Is  swept  by  winds,  as  is  more  fluently  the  ease* 
especially  in  mountainsp  the  red  k^gmatoooeau  has  not  time  to  become 
green.— jL 
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almond.  Accurate  researches  have  shewn,  that  these  grains 
were  tubercles  of  the  ficaire  (rwnwMidui  jicoaia  Z.),  a  plant 
very  common  in  Silesia.  In  the  middle  of  June,  the  leases 
and  stalks  of  this  spring-plant  dry  u^  and  nothing  but 
roots  remain,  which  consist  of  from  six  to  twenty  small 
tubercles  fixed  to  feeble  radicles.  A  heayy  rain  draws  up 
these  tubercles,  separates  them  from  the  root,  and  carries 
them  to  inclined  places;  thus,  they  are  frequently  found 
after  rain,  but  no  one  has  yet  seen  tnem  iSedl  with  it. 

These  tubercles  have  long  been  observed  in  various 
countries,  but  their  true  character  was  not  recognised.  Seeds 
of  several  plants,  drifted  and  accumulated  in  certain  points 
by  heavy  rains,  have  been  also  taken  for  products  of  the 
atmosphere:  such  as  the  seeds  of  melaaamyrian  nemorosum^ 
veronica  hedercrfoUa^  &c.  No  one  will  oe  astonished  that 
gusts  of  wind  should  thus  trausport  seeds  and  fruit. 

BHOIXTBRS  OF  ANiMAiiB. — Small  animals,  such  as 
frogs,  fish,  snails,  &c.  sometimes  appear  to  fall  with  rain :  at 
least  they  are  found  in  great  numbers  in  fields  after  rain ; 
but  they  are  animals  carried  by  the  wind,  drifted  by  the 
rains,  or  invited  out  of  their  retreats  by  the  moisture.  It 
has  lately  been  maintained  that  these  animals  actually  fall 
from  the  sky,  even  in  calm  weather.  To  all  these  assertions 
I  know  no  other  answer  than  that  which  one  of  the  most 
distinguished  naturalists  of  the  age  made  to  some  one  who 
assured  him  that  he  had  seen  one  of  these  phenomena  with 
his  own  eyes :  ^*  It  is  fortunate,**  he  said,  ^*  that  you  have  seen 
it,  for  now  I  believe  it ;  had  I  seen  it  myself  I  should  not 
have  believed  it.** 

DRY  FOO  (trockener  nehely  Jioeherauch^  ?iaaryauch,  land'- 
rauchy  sannenrauchy  moorrauch^  heiderauch). — This  pheno- 
menon occurs  in  south  Germany  in  the  following  maimer : 
When,  during  the  day,  the  sky  is  perfectly  clear  and  free  of 
douds,  the  blue  of  the  sky  has  not  its  ordinary  azure  tone ;  it  is 
dull,  without  presenting  the  tint  that  is  observed  when  fine 
cirri  disturb  its  transparency :  in  this  latter  case,  the  white 
colour  is  predominant;  with  the  dry  fog,  the  light  blue  is 
tarnished  by  a  mixture  of  a  dirty  colour.  At  some  degrees 
above  the  horizon,  the  blue  of  the  sky  is  suddenly  inter- 
rupted, and  we  perceive  that  it  is  terminated  above  by  a 
ring  of  dull  brown-red  colour,  that  is  more  or  less  clearly 
demied.  The  ctmtdo'StrahUj  the  upper  edge  of  which  is 
generally  of  a  brilliant  white,  appears  more  or  less  of  a  red 
colour  about  mid-day,  even  when  the  clouds  have  a  height 
of  30^  or  40^  above  the  horizon.  Distant  terrestrial  objects 
of  a  deep  colour  appear  efikced  and  covered  with  a  blue  veil. 
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The  sun  has  a  dull  appearance  even  whea  it  is  h^h ;  its 
light  presents  a  reddish  tint.  When  the  sun  appitMi(£es  the 
horizon,  it  is  of  a  blood-red  colour ;  it  may  be  looked  at 
without  the  eyes  being  dazzled,  and  its  brilliancy  is  so  re- 
duced, that  it  ceases  to  be  visible,  even  before  it  has  descended 
below  the  horizon.  It  even  happens  that  the  lower  edge  of 
the  sun  is  scarcely  yirible,  whilst  the  upper  presents  a  well- 
defined  red  edge. 

Sometimes  the  dry  fog  has  a  remarkable  intensity ;  se- 
veral examples  are  round  in  our  records.  That  of  1783 
caused  a  general  sensation  throughout  Europe ;  it  presented 
the  following  phenomena :  its  thickness  was  such,  that  in 
some  places  objects  at  the  distance  of  five  kilometres  could 
not  be  distingmshed ;  they  sometimes  appeared  blue  or  else 
surrounded  with  vapour.  The  sun  app^ired  red,  and  without 
brilliancy,  and  could  be  gazed  at  in  the  middle  of  the  day ; 
at  its  rising  and  setting,  it  disappeared  in  the  haze.  Xt 
Copenhagen,  it  was  first  seen  May  29th ;  it  came  after  a 
succession  of  fine  days.  In  other  places,  it  was  preceded  by 
a  gale.  In  England,  it  came  after  continuous  rains;  at 
La  Hochelle,  it  was  seen  on  June  6th  and  7th ;  at  Dijon,  on 
the  14th ;  the  atmosphere  then  became  clear  at  La  Bochelle 
till  the  1 8th.  It  was  noticed  almost  every  where  in  Germany, 
France,  and  Italy,  from  the  16th  to  the  18  th ;  on  the  19tn, 
it  was  observed  at  Franecker  and  in  the  Pays-Bas ;  on  the 
22d,  at  Spydberg,  in  Norway ;  on  the  23d,  at  St.  Gothard  and 
at  Buda;  the  24th,  at  Stockholm;  the  25th,  at  Moscow; 
toward  the  end  of  June,  in  Syria ;  the  1st  of  July,  in  the 
Altai.  Some  observers  maintain,  that  they  found  traces  of 
add  in  it,  but  these  observations  have  no  more  value  than 
the  experiments  made  on  atmospheric  electricity.  It  is 
accused  of  having  caused  the  disease  of  smut  in  the  com, 
and  diseases  in  vegetables  generally;  but  we  know  that 
these  diseases  are  manifested  without  being  determined  by 
dry  fog. 

Subsequently,  aifd  especially  in  1834,  a  thick  dry  fog 
was  also  observed.  I  saw  it  on  May  23d  on  the  mountain 
of  Victor,  among  the  Harz.  The  same  day,  a  violent  north 
wind  drove  it  to  Basle,  where  it  remained  three  or  four 
days ;  on  the  25th,  it  was  seen  with  a  violent  N.E.  wind  at 
Orleans;  and  at  the  same  period,  chiefly  on  the  21st,  22d, 
and  24th,  at  Munster.  Several  times,  in  the  course  of  this 
summer,  I  noticed  dry  fogs  of  various  thicknesses.  July 
28th  and  29th,  they  were  remarked  at  Halle,  Freiberg,  and 
Altenber^,  in  Saxony,  and  they  lasted  several  days ;  they 
finally  disappeared,  August  2d,  during  a  rain-storm,  and 
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shewed  themselves  only  for  a  few  isolated  days  in  the  month 
of  August. 

Dry  fog  is  very  common  in  north  and  west  Germany, 
as  well  as  in  Holland.  FlnU  attributes  it  to  the  com« 
bustion  of  peat.  Indeed,  in  order  to  prepare  peat-lands 
for  cultiyation,  they  are  dug  up  and  the  clods  are  turned 
over  in  autumn,  that  they  may  dry  in  winter ;  if  the  month 
of  May  is  dry,  they  are  set  fire  to,  care  being  taken  that 
they  shall  give  off  plenty  of  smoke  and  yery  little  flame. 
The  drier  the  air  and  the  ^ound  are,  the  better  does  the 
operation  succeed ;  rain,  on  the  contrary^  interferes  with  it ; 
in  summer,  lar^e  surfaces  ignite  spontaneously.  The  quan- 
tity of  the  products  of  combustion  may  therefore  amount  to 
9,000,000  of  kilogrammes. 

In  these  countries  the  dry  fog  is  coincident  with  the 
burning  of  the  peat ;  when  the  air  is  dry,  the  smoke  remains 
suspended  in  the  atmosphere,  and  may  be  carried  away  by 
the  winds.  The  wind  always  blows  from  the  direction  of 
the  peat-bogs,  when  dry  fog  is  manifested ;  and  fogs  haye 
freouently  oeen  seen  coming  distinctly  from  the  peat-bogs. 

The  very  thick  dry  fog  of  1834  came  partly  from  the 
combustion  of  peat,  and  partly  from  the  fires  for  which  this 
year  was  noted.  Whilst  it  was  observed  in  the  end  of  May 
among  the  Harz,  and  in  the  neighbourhood  of  Orleans  and 
Basle,  there  were  fires  amongst  the  peat-bogs.  Thus,  in 
particular,  the  peat-bog  of  Dachau,  in  Bavaria,  was  burned 
to  the  depth  of  2»,5 ;  and  the  fire  was  even  propagated 
beneath  ditches  filled  with  water ;  in  the  neighbourho^  of 
Munster  and  in  Hanover,  several  peat-bogs  were  consumed. 
Subsequently,  in  July,  there  were  terrible  conflagrations  of 
forests  and  peat- bogs,  near  Berlin,  in  Prussia,  in  Silesia,  in 
Sweden,  and  in  Russia ;  the  drought  favoured  the  propaga- 
tion of  these  fires,  and  the  transport  of  the  smoke. 

To  the  same  cause,  probably,  may  be  attributed  the  par- 
ticular aspect  of  the  air  in  autumn.  In  the  fine  days,  when 
the  atmosphere  is  very  dry,  the  air  is  less  transparent ;  dis- 
tant objects  are  not  seen  distinctly,  they  appear  surrounded 
by  a  slight  fog.  As  in  many  countries,  neaps  of  bad  grass 
and  potato-culms  are  burned  at  this  period,  I  think  that 
the  smoke  they  produce  is  diffused  throughout  the  atmo- 
sphere. 

Can  the  dry  fog  of  1783,  which  was  diffused  over  a 
great  portion  of  Europe,  be  attributed  to  the  came  cause  ? 
At  the  period  when  it  was  manifested  many  hypotheses  were 
devised  in  order  to  explain  its  orinn :  Xaalande  attributed 
it  to  the  quantity  of  electricity  developed  during  a  very  hot 
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suiniiier,  that  saeoeeded  a  mokt  winter ;  Cotta  legaided  it 
as  foimed  of  metallic  emanatioiiB  nnited  with  electricitr,  in 
conaequenoe  of  the  great  heat  and  nnmeroiu  eaithqnakea ; 
<tther  philoq[)her8  have  connected  this  fog  with  dectrieitTt 
without  our  beinff  able  to  understand  how  the  latter  is  able 
thus  to  disturb  tae  atmosphere.  However,  VcitmaaA  has 
shewn  that  these  phenomena  are  concomitants  with  the 
great  peat-burnings  that  took  place  in  WestphaliiL 

In  the  same  year  there  was  a  violent  earthquake  in 
Calabria,  and  a  vcMcanic  eruption  in  Iceland;  several  philo- 
aethers  attribute  the  existence  of  this  fog  to  these.  It  ia 
true  that  volcanic  phenomena  rarely  manifest  themselves 
with  so  much  violence ;  and  we  may  add,  in  fiivour  of  this 
opinion,  that,  in  the  years  when  a  very  intense  dry  fog  filled 
the  atmosphere,  the  volcanoes  were  in  activity :  for  example, 
the  years  526,  1721, 1822,  and  1834.  However,  the  fog  haa 
sevml  times  preceded  the  irruptionB.  Are  we,  therefore, 
to  regard  volcanic  irruptions  as  an  immediate  cause  of  dry 
fog  ?  Although  the  column  that  rises  above  a  volcano  has 
a  very  great  analogy  to  a  column  of  smoke,  yet  more  accu- 
rate researches  have  shewn  that  it  is  for  the  most  part  com- 
posed of  the  vapour  of  water  and  volcanic  ashes,  with  which 
are  mixed  transparent  gases  in  various  quantities :  no  one 
has  observed  true  smoke.  But,  when  the  lava  runs  over 
the  side  of  the  mountain,  it  carbonises  every  thing  that  it 
meets,  and  an  immense  cloud  of  smoke  rises  in  the  air.  K 
we  think  of  the  immense  quantity  of  v^etables  that  were 
consumed  in  Iceland,  as  well  as  seventeen  villages,  we  can 
comprehend  that  the  lava,  when  running  over  a  soil  covered 
with  vegetables,  might  have  been  able  to  produce  this 
smoke,  which  the  north  winds  immediately  spread  over  a 
great  portion  of  Europe.  Add  to  this,  that  the  combustions 
of  turf  and  the  conflagrations  of  forests  were  as  frequent 
this  year  as  during  those  that  are  distinguished  by  excesnve 
droughts.  It  is  to  the  latter  cause  that  we  must  attribute 
this  odour,  which  is  especially  perceived  in  Holland. 

The  inhabitants  of  western  and  southern  Europe  attribute 
to  the  dry  fog  a  great  influence  over  the  state  of  the  atmo- 
sphere :  the^  connect  with  its  existence  the  predominance  of 
tne  north  winds  which  then  prevail,  and  say  that  it  drives 
away  rain  and  storms,  and  is  a  cause  of  cold.  It  is  true 
that  things  are  in  this  condition  at  the  season  of  peat-burn- 
ing ;  but  I  doubt  whether  we  should  attribute  them  to  this 
cause :  this  opinion,  which  is  so  generally  prevalent  in  these 
countries,  arises  fh>m  considering  a  general  phenomenon 
under  a  point  of  view  of  narrow  locauty.    Thus  it  ia  that. 


SHOOTING  STABS  AND  UBTBOBIC  STONES.       471 

on  the  coasts  of  Scandinavia,  the  cold  that  suddenly  arises 
Mrith  north  winds  is  thought  to  be  due  to  the  vicinity  of  the 
sea ;  and  it  is  accused  of  many  misdeeds  of  which  it  is  inno- 
cent, because  the  same  thing  is  experienced  in  the  centre  of 
Germany.  These  winds  blow  throughout  Germany,  accom- 
panied with  cold  nifi^hts  and  dryness  of  the  air ;  and  young 
plants  suffer  greatly.  With  regard  to  the  dispersion  of 
storms  by  dry  fog,  or  their  transformation  into  fog,  I 
should  be  tempted  to  believe  that  thick  masses  of  dry  fog 
accumulated  in  the  horizon  have  been  taken  for  storm- 
clouds,  the  true  nature  of  which  the  spectator  recognised 
when  they  approached  him. 

SHOOTING     STARS     AND     METEORIC     STONES 

(^Sterruchnuppen  und  meteorsteine), — Shooting  stars  are  ob- 
served during  serene  nights.  In  a  part  of  tne  sky,  a  lumi- 
nous point  appears  in  the  form  of  a  star  of  greater  or  less 
brilliancy,  it  moves  through  space,  and  is  then  suddenly 
extinguished ;  but  its  brilliancy  diminishes  at  the  moment 
when  it  is  about  to  disappear.  Sometimes  the  star  leaves  in 
its  passage  a  luminous  train ;  however,  this  is  not  constant : 
sometimes,  also,  the  star  gives  forth  sparks.  The  ancients 
regarded  these  meteors  as  stars  actually  falling ;  when  they 
are  of  considerable  size,  they  are  ceiled  ^rieous  meteors^ 
bolides,  balls  of  fire  (feuerku^eln,  feuermeteore),  A  lumi- 
nous point  is  first  seen,  like  a  shooting  star,  or  a  small  clear 
doud,  which  is  not  lon^  before  it  bursts  into  flames,  or 
even  one  or  several  parallel  striae,  which  soon  form  a  large 
flaming  e;lobe.  This  globe  moves  with  a  velocity  equal  to 
that  01  the  stars,  sometimes  in  bounds,  which  are  a  proof  of 
an  original  impulse,  or  are  an  efiect  of  terrestrial  attraction ; 
it  increases  and  becomes  a  burning  globe,  sending  forth 
flames,  smoke,  and  sparks.  This  luminous  globe  generally 
draws  after  it  a  luminous  train,  which  is  drawn  out  to  a 
point,  and  terminates  in  smoke.  This  tail  appears  to  be 
formed  of  the  substance  drawn  out  from  the  ball  itself;  or 
else  it  is  accompanied  by  little  satellites,  which  themselves 
become  small  luminous  globes ;  finally  the  ball  bursts  with 
a  great  explosion.  These  meteors  frequently  break  acain, 
and  then  tne  constituent  parts  that  have  not  been  volatilised 
fall  in  the  form  of  masses  of  iron  or  stone.  These  meteoric 
stones  or  aerolites  are  of  a  different  composition  from  that  of 
stones  found  on  the  surface  of  the  earth,  and  occupy  a 
much  smaller  space  than  the  large  ball. 

HEIGHT    OF    IGNEOUS    METEORS.  — As  shooting 

Stars  and  fire-balls  only  occur  occasionally,  it  is  difficult  to 
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fo  through  the  operations  necessary  for  determining  their 
eight  with  certain  precision;  however,  it  has  sometimes 
happened  that  several  observers  have  been  able  to  measure 
simultaneously  the  angle  of  the  height  of  a  ball  seen  from 
different  places,  and  hence  to  deduce  its  absolute  height  in 
the  atmosphere.  Bensenberv  and  Braades  made  the  first 
observations  on  this  point :  being  at  two  places  distant  from 
each  other,  they  marked  on  a  celestial  planisphere  every 
shooting  star,  in  order  to  have  its  position  and  apparent 
course ;  knowing  the  moment  of  the  observation,  they  were 
able  to  deduce  the  angle  of  the  height,  and  to  calculate  the 
height  of  the  meteor. 

The  elevation  of  shooting  stars  above  the  earth  is  very 
different,  in  that  it  oscillates  between  16  and  230  kilo- 
metres ;  the  greater  portion  move  in  a  region  comprised 
between  4^  and  155  kdometres.  The  mean  height,  deduced 
from  all  these  heights  of  Braades,  is  116  kilometres. 

The  greater  portion  of  shooting  stars  move  in  a  descend- 
ing direction :  however,  some  are  directed  horizontally,  or 
even  ascending ;  some  have  even  been  observed  to  describe 
a  semi-circle,  first  rising  and  then  descending:  Cliladni 
quotes  several  examples.  It  follows  that  these  bodies  are 
subject  to  the  action  of  gravity;  but  that,  in  addition  to 
this,  they  receive  a  very  energetic  impulse  in  order  to  take 
a  direction,  which  must  be  always  contrary  to  that  of 
gravity :  their  velocity  is  from  thirty  to  sixty-six  kilometres 
per  second. 

The  indications  of  the  height  of  fire-balls  are  very  dis- 
cordant ;  I  have  given  a  great  number  in  my  Treatise  on 
Meteorciogy,  It  follows  that  their  mean  height  is  about 
the  same  as  that  of  shooting  stars. 

FREQUENCY  OF  SHOOTING  STARS.  —  If  shooting 

stars  rapidly  succeed  each  other,  they  are  frequently  ob- 
served in  the  same  region  of  the  sky.  Accordmg  to  Ben- 
menberff,  there  are  often  eight  in  the  hour.  During  the 
night  of  the  6th  and  7th  December,  1798,  Brandes  counted 
480  shooting  stars.  In  these  latter  times,  much  attention 
has  been  paid  to  their  periodicity ;  they  are  ob8er\'ed  in  a 
special  manner  in  the  nights  from  the  10th  to  the  15th  of 
November,  and  on  that  of  the  10th  and  11th  of  August. 

M.  de  Himnboldt  was  the  first  who  saw  a  large  number 
on  the  night  of  the  llth  and  12th  November,  1799;  they 
were  observed  at  the  same  time  in  Guyana,  Labrador, 
Greenland,  and  the  environs  of  Weimar.  Hemmer  had 
before  this  been  struck  with  their  number  at  Mannheim,  on 
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the  night  of  the  9th  and  10th  Novemher,  1787.  In  1813, 
many  were  seen  in  England  on  the  niffht  of  the  8th  No- 
Temher;  in  1818,  on  that  of  the  13th  SToyember;  and  in 
1832,  on  the  12th  of  the  same  month.  From  nine  in  the 
evening  until  sunrise  many  were  counted;  some  had  the 
appearance  of  small  globes  of  fire.  In  England,  France, 
Switzerland,  Germany,  Russia,  Mauritius,  observers  were 
every  where  struck  with  the  number  and  the  brilliancy  of 
these  meteors.  In  the  United  States  of  America,  the  shoot- 
ing stars  were  still  more  numerous.  November  13,  1833, 
at  7  P.M.  Palmer,  at  New  Haven,  in  CJonnecticut,  perceived 
a  reddish  vapour,  which  first  appeared  near  the  southern 
horizon,  then  rose  gradually  to  the  zenith ;  it  was  very 
transparent,  but  yet  it  concealed  the  smallest  stars.  The 
igneous  meteors  appeared  from  nine  o'clock,  but  at  four  in 
the  morning  they  appeared  in  greatest  numbers.  An  unin- 
terrupted succession  of  fire-balls,  like  fusees,  seemed  to 
originate  fVom  a  point  not  many  degrees  from  the  zenith ; 
they  darted  in  all  directions,  but  yet  always  in  such  a  man- 
ner, that  all  their  directions  produced  converged  toward  the 
point  mentioned.  Around  this  point,  which,  according  to 
M.  Bneke,  precisely  coincides  with  that  toward  which  the 
earth  is  directed  in  its  annual  revolution  round  the  sun,  a 
circular  space  of  several  degrees  is  found,  in  which  no 
meteors  are  seen.  Generally,  th^y  leave  a  luminous  train 
in  their  passage,  and,  on  disappearing,  they  burst,  and  are 
reduced  mto  smoke ;  notwithstanding  the  most  perseyerin|^ 
attention,  the  noise  of  an  explosion  has  never  been  heard. 
Besides  these  isolated  masses,  the  atmosphere  was  illumi- 
nated by  phosphorescent  lines  form^  of  the  succession  of  a 
great  number  of  luminous  points,  and  similar  to  the  lines 
produced  in  darkness  by  writing  with  a  pencil  of  phos- 
phorus. 

In  the  following  years,  the  nights  of  November  were 
again  remarkable  for  a  great  number  of  shooting  stars,  all 
of  which  seemed  to  come  from  the  constellation  Leo, 
toward  which  the  earth  is  directed  at  this  period  of  the 
year:  the  same  observations  are  true  of  tne  nights  of 
August  10  and  11,  during  which,  also,  many  shooting  stars 
are  seen. 

The  balls  do  not  appear  to  be  equally  common  at  all 
seasons.  If  we  calculate  their  number  for  each  month,  we 
arrive  at  the  following  results : — 
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ITOBCBEB  OF  FDtB-BAIXS  HI  BACH  MOKTH. 


January 69 

February 50 

March 50 

April 45 

May 46 

June 29 


July 47 

August 69 

September 51 

October 61 

Novonber 89 

December 71 


The  greatest  number  occur  in  November,  the  least,  in 
June ;  doubtless  the  length  of  the  days  in  summer  allows  a 
great  number  of  these  meteors  to  pass  unperceived :  however, 
we  should  observe  that  their  frequency  is  greater  in  autumn 
than  in  spring.  In  August,  when  shooting  stars  are  com- 
mon, there  are  also  many  fire-balls. 

APPEAXANCEB  OF  FiRS-BAUiS.— -Their  brilliancy 
surpasses  that  of  the  moon ;  some  have  been  so  brilliant, 
even  by  day,  that  they  have  cast  a  shadow.  Their  light  is 
of  a  dazzling  white,  or  else  reddish ;  other  colours  are  also 
noticed,  havmg  a  greater  or  less  degree  of  distinctness. 

Whilst  they  are  traversing  the  atmosphere,  flames, 
sparks,  and  smoke,  come  out  from  them  in  all  directions ; 
sometimes  they  seem  to  be  extinguished  by  falling;  they 
then  light  up  again,  after  having  emitted  a  quantity  of 
vapour  and  smoke:  when  they  traverse  the  atmosphere, 
they  swell  up  and  burst  with  noise.  Chiadni  explains  this 
rupture  by  the  developement  and  the  dilation  of  the  interior 
fluids  bursting  their  envelope.  When  they  are  not  seen  to 
burst,  it  is  beoeiuse  they  are  too  elevated  or  too  far  distant 
from  the  atmosphere,  and  have  followed  their  route  in 
space.  Sometimes  a  fire-baU  is  divided  into  a  certain  num- 
ber of  fragments,  and  each  of  these  fragments  forms  a  small 
luminous  globe,  which  then  bursts  in  its  turn ;  in  some,  the 
muass,  after  naving  ^ven  issue  to  the  interior  gases,  sinks  on  to 
itself,  and  then  swells  out  anew,  to  burst  a  second  time.  The 
balls,  that  make  bounds,  generally  burst  at  the  point  se- 
parating the  two  successive  bounds;  these  explosions  are 
accompanied  with  vapours  and  smoke ;  and  the  ball  is  seen 
to  pursue  its  course,  casting  forth  a  new  lustre.  The  crash 
is  sometimes  such,  that  the  houses  tremble,  the  doors  and 
windows  open,  and  the  assistants  fancy  that  there  is  an 
earthquake.  Sometimes,  says  Chladiil,  the  explosion  is  not 
noticed,  because  the  mass,  after  having  siven  forth  the 
gases,  is  enveloped  with  a  thick  smoke  that  concoEds  its 
brilliancy. 

AEROXiITBB     OB     METEORIC     8TONE8    (meteor- 
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steme). — When  the  globe  has  burgt,  the  fragments  fall  to 
the  earth :  these  are  sometimes  in  large  quantities ;  witness 
those  collected  near  L*Aigle,  April  26th,  1803,  and  near 
Stannem,  Maj^  22d,  1808.  However,  they  may  also  fall 
without  breakmg :  these  fragments  are  known  by  the  name 
of  aerolites. 

The  greater  number  of  aerolites  have  a  general  form 
always  the  same;  according  to  Schreibers,  it  is  a  prism, 
with  four  or  five  unequal  surfaces,  or  an  oblique  pyramid. 
Outside  they  are  covered  by  a  black  or  blackish  crust,  which 
appears  to  have  the  same  chemical  composition  as  the 
nucleus,  although  it  has  passed  into  the  state  of  scorise. 
This  crust,  the  thickness  of  which  rarely  exceeds  0'"",55, 
presents  ineoualities ;  it  is  black,  and  not  very  brilliant,  or 
else  of  a  brilliant  blackish  brown,  as  if  the  stone  had  been 
covered  with  varnish.  Sometimes  it  has  a  metallic  bril- 
liancy like  iron  melted  and  slightly  ozydised,  or  rather  the 
aspect  of  bitumen.  The  crust  may  be  so  hard,  that  it  strikes 
fire  with  the  flint ;  on  certain  stones  we  find  layers,  veins, 
and  spots  of  the  same  nature  as  the  crust.  The  aerolite 
seems  already  to  have  been  formed  when  a  new  swelling  has 
brought  a  portion  of  the  crust  to  the  interior.  This  crust 
does  not  bear  the  least  analogy  to  a  volcanic  product ;  and 
we  cannot  obtain  an  analogous  crust  except  by  melting  these 
stones  out  of  the  action  of  the  air ;  but  it  is  difficult  to  say 
which  of  the  constituent  principles  contributes  most  to  the 
formation  of  this  envelope.  The  composition  of  these  stones 
is  different  from  that  of  all  stones  that  have  been  found  at 
the  surface  of  the  globe.  From  the  analvsis  made  by  M. 
CKutave  Rose,  some  are  found  of  a  greyish  mass,  in  which 
no  other  substance  beside  metallic  iron  is  found ;  others  are 
composed  of  different  substances,  of  which  some,  that  are 
white,  are  probably  labrador  (opal  feldspar) :  others,  that  are 
brown,  resemble  a  pyroxene. 

If  they  are  reduced  to  powder,  we  may  extract  about 
twenty  per  cent  of  iron  and  nickel ;  chemical  analysis  then 
gives  the  following  principles :  oxygen,  hydro^n,  sulphur, 
phosphorus,  carbon,  silica,  chromium,  potassium,  sodium, 
calcium,  magnesium,  aluminum,  iron,  manganese,  nickel, 
cobalt,  copper,  and  tin.  According  to  M.  Bermelins,  these 
eighteen  elementary  substances  form  the  following  com- 
pounds : — 

Ist.  Metallic  iron,  containing  a  little  nickel,  cobalt,  mag- 
nesium, manganese,  tin,  copper,  sulphur,  and  carbon. 

2d.  Svlphttret  of  iron^  with  an  equal  proportion  of  sul- 
phur and  iron. 
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3d.  Magnetic  iron, 

4th.  Meteoric  olivine ;  it  constitutes  one  half  of  the  re- 
sidue that  remains  after  the  metals  susceptible  of  mag- 
netism are  removed ;  its  composition  is  the  same  as  that  of 
terrestrial  olivine. 

5th.  Silicates,  combinations  of  lime,  magnesia,  oxides  of 
iron,  manganese,  cltw,  soda,  and  potash,  insoluble  in  adds, 
among  which  the  silicic  acid  is  in  double  proportion  to  all 
the  other  bodies,  and  which  probably  form  two  minerals, 
the  one  pyroxenic,  the  other  analogous  to  leucite. 

6th.  Chromate  of  iron  in  a  smm  but  constant  quantity. 

7th.  Oxide  of  tin, 

METEORIC  MASSES  OF  IRON.  —  Sometimes  the 
entire  aerolite  is  composed  on]y  of  metallic  iron ;  however, 
this  case  is  more  rare  than  that  in  which  it  contains  only 
a  certain  quantity.  May  26th,  1751,  two  masses  fell  near 
Hradschina,  in  the  comitat  of  Agra :  one  weighed  thirty-five, 
the  other  eight  kilogrammes.  They  have  been  found  in 
other  countries,  though  not  seen  to  fall  from  the  sky ;  but 
their  form  and  composition  must  make  us  r^^eurd  them  as 
aerolites.  One  of  tne  best  known  is  that  discovered  by 
Pallas,  in  Siberia,  in  the  year  1771,  and  which  the  Tartars 
regarded  as  a  sacred  object  fallen  from  heaven ;  its  weight 
was  700  kilogrammes.  Analogous  masses  have  been  found 
in  Bohemia,  Hungry,  the  Cape  of  Good  Hope,  Afexico, 
Peru,  Senegal,  Baffin  s  Bay,  &c.  &c.  The  iron  is  full  of 
cavities,  filled  with  more  or  less  perfect  crystals  of  olivine ; 
when  these  crystals  are  removed,  the  residue  still  contains 
ninety  per  cent  of  iron,  a  certain  percentage  of  nickel,  and 
the  rest  needs  scarcely  being  taken  into  the  account. 

ORIGIN  OF  IGNEOUS  METEORS.  — As  they  are 
found  in  regions  inaccessible  to  man,  the  imagination  has  a 
wide  field  for  framing  hypotheses  which  reason  cannot  gain- 
say. Formerly,  these  snooting  stars  were  afiirmed  to  be 
composed  of  gelatinous  matter ;  and  it  has  been  frequently 
said,  that  the  different  species  of  nostoch,  found  on  the 
banks  of  rivers,  were  shooting  stars.  Chladnl  was  the  first 
to  shew,  that  fire-balls  and  shooting  stars  are  one  and  the 
same  thing,  and  onl^  differ  in  their  size.  Since  he  has  also 
proved  that  stones  do  fall  from  the  sky,  four  principal  hy- 
potheses have  been  put  forth,  which  we  will  now  examine. 

VuLCANiAN  Htpothbsis. — It  was  orieinally  maintained, 
that  these  stones  were  vomited  forth  by  the  volcanoes  of  our 
globe ;  but  this  system  is  untenable,  for  our  volcanoes  can- 
not hurl  them  to  any  great  height,  and  their  composition  is 
totally  different  from  volcanic  productions. 
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MooK-STONBs. — Some  mathematicians,  lAplace,  among 
others,  have  endeavoured  to  prove  that  these  stones  may  he 
projected  from  volcanoes  in  the  moon  sufficiently  far  to 
enter  into  the  sphere  of  our  earth's  attraction,  and  so  to  fall 
on  it.  Calculation  shews  that,  in  order  for  this  effect  to 
take  place,  the  stone  must  have  an  initial  velocity  of  3250 
metres  per  second,  and  that  it  would  pass  from  the  moon  to 
the  earui  in  two  days  and  a  half. 

Notwithstanding  the  possibility  of  the  fact,  it  still  pre- 
sents, according  to  Olbers,  grave  difficulties  ;  for  the 
body,  darted  forth  by  the  volcano,  is  subject  to  this  force  of 
projection,  and  also  to  that  resulting  from  the  moon*s  mo- 
tion, and  which  acts  tangentially  to  me  lunar  orbit.  Thus, 
then,  the  heavy  bodies  that  are  darted  forth  by  the  lunar 
volcanoes,  and  that  approach  the  earth,  are  attracted  by  it, 
and  describe  a  curve.  In  order  that  the  body  ma^  fall  to 
the  surface  of  the  earth,  there  must  exist  a  determmate  re- 
lation between  the  direction  and  the  velocity  of  the  projec- 
tile ;  and  consequently  few  of  them  will  fall  to  the  earth. 
According  to  Olbers,  the  initial  velocity  of  from  7000 
to  1 1,000  metres  per  second,  as  determined  by  Braades,  is 
also  contrary  to  this  hypothesis;  indeed,  let  us  suppose 
that  the  stone  is  darted  forth  bj  the  volcano  with  a  velocity 
of  only  2600  metres,  it  will  arnve  with  an  acquired  velocity 
of  11,400  metres.  Now,  as  fire-balls  travel  with  a  velocity 
of  about  37,000  metres  per  second,  they  must  be  darted  forth 
by  the  moon  with  a  velocity  of  about  23,500  metres,  a 
yelocity  that  may  be  regarded  as  altogether  impossible. 

Atmosph£bic  Htpothbsis. — Other  philosophers  have 
admitted  that  these  igneous  meteors  were  a  product  of  our 
atmosphere;  and  although  Chladnl  has  rejected  this  ex- 
planation, it  has  yet  been  sustained  by  Egen,  G.  FtBcher, 
and  Ideler ;  the  iormer  especially  has  put  forth  several  im- 
portant considerations  in  favour  of  tlus  opinion.  A  great 
number  of  metals  rise  into  the  atmosphere  in  a  gaseous  state; 
and,  if  chemical  analysis  does  not  find  them,  it  is  merely  be- 
cause their  proportional  quantity  is  very  small.  These  arise 
annually  from  the  metallurgical  forges  of  Clausthal  more 
than  ten  millions  of  kilogrammes  of  vapours,  composed  of 
water,  lead,  iron,  zinc,  sulphur,  antimony,  and  arsenic; 
many  of  these  metals  have  been  recovered  by  R.  Braades 
and  Zimmerman  in  rain-water.  Then  Eipen  especially  rests 
his  hypothesis  upon  the  phenomena  that  have  been  observed 
during  the  formation  of  igneous  meteors :  either  the  sky  has 
been  disturbed  by  a  dark  or  by  a  bright  cloud,  or  else 
white  bands  have  been  united  mto  a  single  mass.     We 
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must,  in  this  case,  admit,  that  a  force,  the  action  of  which  is 
attended  by  the  production  of  li^ht,  determines  the  con- 
densation of  the  vapours  in  the  hi^h  regions  of  the  atmo- 
sphere— vapours  that  become  visible, Tike  those  of  water  when 
passing  into  the  state  of  cloud,  and  that  other  forces  at  the 
same  time  urge  them  in  a  direction  which  is  not  that  of 
gravity:  this  force,  in  his  opinion,  is  electricity.  B^exi 
then  examines  in  detail  the  different  circumstances  that  ac- 
company their  translation,  and  deduces  them  from  his  hypo- 
thesis with  much  sagacity;  he  says,  that  the  igneous  meteors 
are  especially  common  when  the  atmosphere  is  not  in  its 
normal  state.  We  may  object  to  him,  that  this  arises  from 
the  celestial  phenomena  being  at  that  time  examined  with 
more  attention.  It  is,  moreover,  a  difficult  matter  to  com- 
prehend how  these  vapours,  diffused  throughout  an  immense 
space,  can  be  collected  into  enormous  masses,  and  acquire 
considerable  velocity.  Other  objections,  and  particularly 
that  urged  by  cuadni,  from  the  bounds  of  these  meteors, 
fall  of  themselves,  when  we  include  the  resistance  of  the 
air  and  the  force  of  the  inhalation  of  the  gases  that  escape 
from  the  ball,  since  all  flying  fusees  make  bounds  of  this 
kind. 

CosMicAL  Hypothesis. — Before  it  was  known  that  fire- 
balls were  not  incandescent  masses  of  stone  and  iron,  Halley, 
Wallia,  Bergrnuom,  and  others,  regarded  them  as  bodies 
moving  in  space,  and  which  the  earth  met  and  attracted  to 
itself.  Chiadni  admits  this  explanation  from  the  beginning 
of  his  researches,  and  in  the  sequel  he  has  always  defended 
it ;  in  his  opinion,  two  causes  are  equally  possible :  cither 
they  are  masses  that  have  never  belonged  to  any  celestial 
body,  01  they  are  the  fragments  of  an  ancient  planet.  Al- 
though these  two  hypotheses  have  each  their  degree  of 
probabilitjr,  chiadni  regards  the  former  as  the  most  pro- 
bable opinion. 

A  great  number  of  observations  prove  that^  besides  the 
large  celestial  bodies,  there  are  small  ones  that  move  in 
space,  such  as  points  and  luminous  trains,  which  astro- 
nomers have  often  seen  traversing  the  field  of  their  tele- 
scopes ;  such  are  also  the  opaque  masses  that  have  been 
observed  by  day  before  the  disc  of  the  sun,  and  which  often 
present  a  considerable  surface.  According  to  M.  Chladni, 
these  scattered  masses  are  primitive  matter  disseminated  in 
space,  and  destined  to  form  new  worlds ;  he  also  thinks  that 
those  nebulosities  which  the  telescope  cannot  analyse  into 
stars  are  themselves  nothing  but  very  diffused  luminous 
matter  spread  over  extensive  spaces.     Comets  are  distin- 
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guisbed  from  these  masses  by  tbeir  small  size,  their  isolation, 
and  a  greater  degree  of  density;  they  are  nothing  but 
masses  analogous  to  clouds,  or  formed  of  dust  or  vapour, 
the  particles  of  which  are  mutually  attractive.  This  leeble 
density  of  comets  is  not  only  proved  by  the  attraction  that 
the  nearer  planets  exercise  over  them,  but  also  by  our  being 
able  to  see  the  fixed  stars  through  them. 

It  is  also  possible  that  these  masses  may  be  derived  from 
the  destruction  of  heavenly  bodies.  Several  observations 
prove  that  stars  have  actually  .disappeared  from  the  vault 
of  heaven,  and  reason  conceives  the  possibility  of  this  de- 
struction. When  stars  appear  endowed  with  a  great  bril- 
liancy, and  shine  for  some  time  to  disappear  afterwards,  this 
Cves,  according  to  Cblmdai,  a  violent  combustion  in  a 
y  which  must  be  ranged  among  the  fixed  stars.  Of  this 
kind  is  the  star  that,  in  the  eleventh  century,  burned  for 
three  months  in  the  constellation  Aries  with  variable  bril- 
liancy, and  then  disappeared  for  ever.  The  ^eat  red  star 
that  appeared  in  the  spring  of  1245,  near  Capricomus,  dimi- 
nished m  intensity  about  the  end  of  July ;  the  star  observed 
by  Kepler,  in  the  constellation  Ophiucus,  was  visible  from 
October  10,  1604,  till  the  month  of  October,  1605 ;  the 
brilliant  star  that  burned  during  the  years  945,  1264,  1572, 
in  Cassiopceia,  belongs  to  the  same  category.  If  planets  or 
comets  gravitate  around  such  a  star,  this  sudden  develope- 
ment  of  heat  and  light  must  have  a  great  influence  over 
them.  When  the  force  acting  from  within  outwards,  which 
tends  to  destroy  a  star,  prevaus  over  the  mutual  attraction 
of  its  ^rts,  it  may  burst :  thus  the  four  telescope  planets, 
Ceres,  rallas,  Juno,  and  Vesta,  are  perhaps  only  the  frag- 
ments of  a  large  planet.  If  such  explosions  as  these  have 
taken  place,  we  can  understand  that  a  large  number  of  small 
fragments  may  be  projected  afar. 

Whatever  be  the  hypothesis  we  embrace,  the  periodical 
return  of  a  great  number  of  shooting  stars,  which  all  seem 
to  come  from  the  same  point,  without  sharing  in  the  earth*s 
motion,  is  always  a  powerful  argument  in  favour  of  the 
cosmical  hypothesis.  We  may  admit  that,  besides  the 
planets  and  comets,  millions  of  asteroids  are  moving  round 
the  sun,  and  become  visible  when  they  are  ignited  by  en- 
tering into  the  terrestrial  atmosphere.  The  greater  portion 
probably  again  abandon  the  earth's  atmosphere,  to  continue 
their  revolution  round  the  sun.  These  masses  are  spread 
throughout  space,  but  not  in  a  uniform  manner,  and  there 
are  points  where  they  are  collected  in  large  numbers :  of 
this  kind  are  the  groups  traversed  by  the  earth  on  August 
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10  and  November  13.  But  they  are  not  equally  nomeroiis 
on  each  of  these  points.  Farther,  if  we  admit,  with  dbcrs, 
that  they  execute  their  revolution  round  the  sun  in  five  or 
six  years,  it  follows  that  the  earth  would  meet  a  great 
number  in  summer  and  autumn;  but  also  certain  years, 
such  as  1799  and  1833,  are  remarkable  for  an  extraormnary 
abundance  of  these  meteors. 

^  If  the  mind  can  conceive  how  the  earth  meets  these 
asteroids,  it  dues  not  at  all  explain  their  incandescence. 
Chladnl  believes  that,  on  arrivmg  within  the  terrestrial 
atmosphere,  they  experience  a  resistance  that  produces 
bounos,  and  which  is  the  greater  as  these  bodies  nave  an 
original  volume  greater  than  that  of  the  stones  which  taU 
to  ue  earth :  we  must  hence  conclude,  that  the  ignited  ball 
has  a  very  feeble  density.  This  resistance  also  produces  the 
incandescence  and  ignition  of  the  body ;  it  compresses  the 
air,  and  this  compression  produces  such  a  heat  that  the 
body  is  inflamed.  If  it  is  objected,  that  the  air  is  very  much 
rarefied  at  so  great  a  height,  we  may  reply  that  the  extreme 
velocity  must  be  taken  into  account.  M.  Parrot  admits,  in 
addition  to  the  compression,  the  action  of  the  vapour  of 
water  on  combinations  of  metals  vrith  sulphur ;  it  would 
even  be  possible  that  the  elements  of  meteoric  stones  were 
silicum,  magnesium,  calcium,  potassium,  &c.,  which  would 
be  transformed  into  silica,  magnesia,  lime,  potash,  &C.,  under 
the  influence  of  water,  a  combination  dunng  which  heat  is 
alwa3rs  developed,  and  which,  joined  to  that  produced  by 
compression,  might  render  these  bodies  incandescent.  Per- 
haps thev  contain  bodies  that  are  still  more  inflammable, 
and  which  disappear  in  the  atmosphere  before  the^  arrive 
on  the  earth.  U  is  impossible  to  say  any  thing  positive  on 
this  subject,  since  we  cannot  transport  ourselves  into  the 
region  where  the  combustion  commences. 


THE  END. 
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NOTB  A.  p.  14. 


To  interpolate,  is  to  supply  defident  terms  in  a  series  of  numberSf 
bearing  in  mind  the  law,  according  to  which  these  numbers  must 
proceed.  Suppose  that  for  thirty  davs,  and  at  every  hour  during  the 
day,  the  barometer  has  been  obsorved :  hourly  means  may  be  formely 
by  taking  the  mean  of  the  thirty  observations  at  noon,  that  of  the 
thirty  observations  at  one  o'clock,  and  so  on.  Suppose,  now,  that 
we  have  omitted  one  of  the  thirty  observations  at  one  o'dock,  we' 
may  restore  it,  by  giving  it  its  most  probable  value, — we  interpolate* 
In  the  case  before  us,  it  is  suffident,  as  the  intervals  are  short,  to 
take  for  one  o'dodc  the  mean  between  the  readinss  of  noon  and  two 
o*dock.  If  we  vrere  content  to  take  the  mean  of  uie  twenty-nine  ob- 
servations actually  made,  by  dividing  thdr  sum  by  twenty-nine,  the 
number  obtained  could  not  admit  of  comparison  with  the  other 
means  :  this  mode  of  operating  must,  therefore,  be  rejected. 

The  number  obtaiouBd  bv  interpolation  is  only  an  approximation^ 
since*,  the  true  law,  acoOrdmg  to  which  barometric  pressures  vary, 
is  not  known  a  priori:  it  is,  therefore,  impossible  to  avoid  a  little  of 
what  is  arbitrary  in  the  process  of  interpolation.  One  calculator  may 
estimate  that  the  arithinetical  mean  between  noon  and  two  o'dock  is 
too  low  to  represent  the  omitted  observation  of  the  intermediate 
epoch;  another  may  judge  it  to  be  too  high:  the  former  will  in*> 
crease,  the  latter  will  diminish  it.  We  will  endeavour  to  give  some 
rules  calculated  to  diminish  the  arbitrary  practice  that  prevtdls  in  this 
matter ;  these  rules  may  be  useful  to  observers  in  the  reduction  of 
their  observations. 

The  first  thing  to  be  done  is  to  interpolate,  bv  supposing  the  range 
of  the  instrument  to  be  uniform  from  the  last  of  the  observations  that 
have  preceded,  wMch  observation  I  will  call  A,  to  the  first  of  those 
that  foUow,  or  the  observation  B.  It  is  manifSest  that  if  we  represent 
the  observations  by  a  plane  curve,  tiddng  the  times  for  absdssae  and 
the  readings  for  ordinates,  this  method  consists  in  admitting  that,  in 
the  interval  between  the  observations  A  and  B,  their  curve  is  sensi" 
bly  rectilinear. 

T 
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The  intermediate  numbers  obtained  in  this  way,  by  means  of  the 
simple  rule  of  three,  are  only  a  first  approximation.  We  may  confine 
ourselves  to  this  first  approximation  in  different  cases :  1st,  if  we  are 
not  looking  for  great  precision ;  for  example,  if  we  desire  to  obtain  the 
state  of  the  barometer  within  one  or  two  millimetres,  which  is  gene- 
rally sufilcient  for  the  calculation  of  atmospheric  refractions ;  &,  in 
hourly  observationa  instituted  for  the  purpose  of  obtaining  the  curves 
of  diurnal  variation,  if  the  interrsl  of  time  does  not  exceed  two  or 
three  hours ;  and,  in  general,  when  the  interval  between  A  and  B 
shall  not  exceed  the  eighth  part  of  the  period,  at  the  end  of  which 
the  variations,  whose  laws  we  are  seeking,  are  renewed ;  Sd,  if  the* 
terms,  which,  in  consequence  of  omitted  observations,  are  wanting  ul 
the  series  of  numbors  whose  mean  we  are  taking,  are  not  very  nume- 
rous in  respect  to  tiie  terms  really  observed ;  if  they  only  form  the 
tenth  or  the  twentieth  part,  we  may  content  ourselves,  witiiout  great 
inconvenience,  with  a  rectilinear  interpolation. 

In  other  cases,  we  must  apply  to  the  numbers  obtained  by  this 
method  a  correction,  that  is  sometimes  positive,  at  other  times  nega- 
tive ;  in  order  to  be  able  to  apply  it,  we  must  deduce  it  from  the 
observations  themselves.  Let  us  continue  to  suppose  that  the  obso*- 
vation  omitted  is  that  of  one  o^dock ;  we  must  take  in  the  preo^in^ 

B^+B, 
Or  following  days  the  value  of  the  term  B,-  — g ;  B^,  Bp  and 

Bj,  representing  respectively  the  barometric  readings  at  hcmmi  at 
one  and  two  o'clock.  We  shall  obtain  a  series  of  numbers,  some  of 
which  will  be  positive,  others  negative ;  they  must  be  arranged  in  the 
same  vertical  column ;  we  obtain  frtxn  them  the  mean  vuue,  after 
having  summed  them  up,  attention  being  paid  to  the  respective  sigas 
tiiey  possess.  The  mean  thus  obtained  will  be  the  correction  sou^t. 
It  often  happens  that  the  form  of  the  curve  is  already  known  wi^ 
sufficient  exactness  by  anterior  observations,  made  under  cSreom- 
stances  nearly  similar.  Conceive  that  these  observations  have  givea 
ft  series  of  mean  numbers  of  the  form  b^,  b,,  b,,  b^,  and  corocspoad* 
ing  to  the  different  hours  of  tiie  day ;  we  may  adopt,  without  any 

ftother  calcnllition,  the  quantity 

^tJue  of  the  quantity  sought  after.  The  legitimacy  of  this  supposltioft 
Is  then  verified  ^  poff^moH  by  the  inspection  of  the  means  of  our  series, 
when  we  have  i^tilned  the  value  of  these  lattsr ;  let  us  desigikita 

tl«n  fcy  ^.<H.^.^---=  tf the  quantity /a, -Sa+t*  aifes  hut 

^n  +  b. 
Uttie  from  b,  —    ^'^  i  ,  ft  is  «Bden  to  return  a  thlM  time  to  tbe 

value  of  the  interpolated  tarms.  In  the  contrary  case,  we  muat  sdh>* 
sttlnte  for  the  proviskmary  coneotion  b,  -»  -^-^  ■*  ,  the  dtfirittve 

t  win  consider  forther,  the  case  when  the  oonsecutivt  dbsotatkms 
of  one  and  two  o*dodc  shall  have  been  omitted ;  let  B^,  B,,  be  tibe 


IKTiatFOLATION.  48S 

observations  of  noon  and  three  o'clock.    For  one  o'clock,  the  recti- 
linear interpolation  gives  . 

^0+    i 3 

liet  b^  b||  bg,  b,,  be  still  the  auxiliary  series  employed  for 'cor- 
recting the  interpolated  numbers ;  the  correction  that  must  be  added 

tofhetenn  ^^^dllbeb,^       \^ 

Other  analogous  cases  are  resolved  in  the  same  mamier. 

Finally,  sappose  that  thronghont  a  series,  the  observations  of  the 
same  hoar  have  been  omitted :  the  rdative  mean  at  tins  hoar  will  be 
entirely  wanting.  It  is  then  necessary  to  stady  theentire  range  of  the 
corve  daring  the  whole  period,  in  order  to  determine  the  most  proba- 
ble value  of  the  missing  time.  Hiere  is  an  extended  case,  in  i^cfa  ft 
direct  calcnlation  may  lead  to  this  result ;  it  is  when  periodical  phe- 
nomena, such  as  diurnal  thermometric,  barometric,  magnetic,  or  tide 
Tariations,  &c.,  are  at  issue.  We  may  then  suppose,  without  any 
great  error,  that  the  observed  curve  is  due  to  the  superposition  of  two 
undulstory  or  nntutridal  *  carves,  one  of  which  produces  another 
similar  to  itself,  after  an  interval  of  time,  equal  to  the  entire  period  ; 
in  order  that  this  method  may  be  applicable,  it  is  farther  essential 
that  the  number  of  the  terms  of  the  curve  reidly  determined  be  at 
least  equal  to  five.  The  general  formuls,  according  to  which  the 
restitution  of  the  omitted  terms  is  then  brought  about,  cannot  have  a 
place  here ;  but  I  vrill  yet  give  those  which  are  fitted  for  two  cases 
that  frequently  occur :  1st,  if  the  period  is  divided  by  fdis  obsora- 
tions  into  tweWe  equal  intervals,  which  happen  for  a  day  of  twenty- 
four  hours,  when  observations  are  made  every  two  hoars ;  and 
iiDr  a  year,  in  the  calculation  of  monthly  means ;  and  if,  more- 
over, a  single  term  of  such  a  series  has  been  omitted,  calling  the 
missing  term  b,  and  the  eleven  others,  following  tiie  term  b,  bp  b,, 
!>,....  b||,  we  shall  have 

b-|(b»+b,  +  b,  +  b„)  +  t(b,-b,-b,  +  b^-b,-b.+b„) 

+  *'^.(b,-b,-b,  +  b„). 

dd.  If  tiie  period  is  divided  into  eight  intervals,  which  happens  in 
the  course  of  observations  made  every  tiuee  hours ;  continuing  to  call 
the  omitted  term  b,  and  the  seven  known  terms  following  in  the  order 
of  the  hours  b,,  b,,  b,,  b^,  &c.,  we  shaH  have 

b-l  (b,~b,+b,  +  b4+b,-b,+b,)  +jv7(b,-b,-b,  +  ^V 
If  b  and  b|  were  botli  unknown,  we  should  form  a  simflar  equa« 
tlon  to  the  preeeding  by  augmenting  tiie  Unoer  indiem,  by  unity,  and 
by  changing b,  intob,  vre  should  have 

•>!  -1  (N— *>»  +  W  +  bg  +  b,-b^  +  b)  +  i  ^1  (^1—^4-^  +  b)- 
These  two  equations  united  would  give  the  value  of  b  and  b|, 
•eeor^Bng  to  tiie  ordinary  methods  of  the  resolution  of  two  eqnationft 
witii  two  unknown  termB.«-'B* 

*  We  give  this  mmie  to  a  curve,  the  ordlnates  of  v^ioh  are  praporClaMl 
to  the  sbMS  of  the  rticLw,  these  bitter  iMtaig  fitlciilated  fiNim  a  flzed  poin^ 
and  eonddered  m  b^ng  the  ares  ot  a  circumferenoe,  developed  on  tUk  aads 
oftheabseisHB. 
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The  detaminaHon  of  meteoitilogicil  laws  depends  abonre  all  tihiags 
<m  obacrvatioa;  and,  in  oider  to  reeognSse  tne  nuttiial  conimrion 
that  may  exist  bttwecu  the  dtflereot  phenomena,  they  shoohl  aU  be 
obaerred  simnttaDeooalj.  Bnt  the  task  of  the  metrarolQgiist  would 
tiien  become  so  wearisoone,  tiiat  no  one  woald  be  equal  to  it.  Henee 
the  lawimtable  blanks  in  1^  series  made  even  by  ue  most  laboriooa 
men, — those  most  demted  to  the  seienee.  We  may,  tibercfore,  eon- 
cetve  of  what  importance  to  meteorology  woald  be  the  eonstrnction  o€ 
smpaimtBS  so  arranged  as  to  picsu  ic  traeesof  theintoenees  towhidi 
they  may  ha^e  been  sobjeet,  in  eonseqnenoe  of  variation  in  tiie  prin* 
cipal  elements  that  are  eonridered  in  the  sdenoe ;  and  which,  n^ea 
once  adjnstod,  would  themsehres  register  for  a  certain  period  of  time, 
witboat  being  guided  by  an  intelligent  hand,  aU  the  {Aiases  throngh 
which  temperatare,  barometric  pressure,  the  foroe  and  diiectioa  of 
the  wind,  absohite  and  relative  humidity,  &c.,  may  hare  passed. 

D*On8-bn-Bbat,  one  of  the  most  distinguwhed  "***'^*"S*^Tti>  of 
tiie  last  centory,  appears  to  be  the  first  who  constructed  an  instrument 
of  this  kind.  He  has  inserted  in  the  M^moiret  de  PAneienme  Acadfmne 
dtt  ScuMca  (for  the  year  1734,  p.  123),  the  description  of  an  ''ane- 
mometer, which  marks  of  itself  <»  paper,  not  only  the  winds  that 
have  blown  during  the  twenty-four  hours,  but  also  their  different 
velocities  or  relative  forces." 

We  will  give  a  snednct  idea  of  the  part  of  the  apparatus,  which 
concerns  the  direction  of  the  vrind.  A  vertical  cylinder  mounted  on 
the  same  axis  as  the  vane,  carries  twenty -five  pencils  of  equal  lengths, 
planted  perpendiculBrly  to  its  surftoe,  in  the  direction  of  a  hdix, 
forming  a  complete  spiral,  whidi  is  thus  divided  into  twenty-four 
equal  parts.  A  band  of  paper,  by  means  of  clock-work,  is  drawn 
parallel  to  itself,  so  as  to  be  grazed  sli^tly  by  one  of  the  pencils,  for 
a  certain  direction  of  the  vane ;  and  Uie  cylinder,  which  follows  all 
the  movements  of  the  latter,  always  brings  to  the  surftce  of  the  paper 
one  of  the  twenty-four  pencils,  whatever  be  the  direction  of  the  wind. 
We,  therefore,  see  that  the  paper,  the  whole  of  the  surfoce  of  whkh 
passes  successively  before  the  cylinder,  carries  in  the  direction  of  its 
length  a  succession  of  pendl-marks,  the  height  of  which  indicates  the 
direction  of  the  wind,  and  the  length  of  which  is  proportionate  to  the 
time  during  which  that  wind  has  been  blowing. 

This  ingenious  instrument  of  D'Oxs-kn-Brat  was  not  ^ipreci- 
ated  as  it  ought  to  have  been.  It  was  not  then  seen  that  the  princi- 
ple of  continuous  observations  might  be  extended  to  a  number  of 
other  instnuncnts,  and  might  facilitate  experimental  research  after  a 
great  number  of  physical  and  mecluuiical  laws.  D' Albmbert  him- 
self,  in  the  article  "  anemometer"  of  the  Encyclopcedia,  does  not  allude 
to  D*On8-en-Bray*8  instrument,  without  an  expression  of  doubt. 

It  is  scarcely  thirty  years  since  the  odebrated  German  hydrauUdan 
Eytblwein,  while  making  some  experiments  on  the  motion  of 
water  in  the  hydraulic  ram,  devised  a  mode  of  determining  the  velo- 
dty  of  the  motion  of  certain  valves,  by  fixing  to  them  a  pencil  that 
should  leave  its  trace  on  a  paper,  to  which  ui^form  velodty  was  given 
Inr  means  of  dock-work.  The  success  of  this  process,  the  pofect 
identity  of  which  with  that  of  the  French  mechanician  is  evident, 
ought  to  have  drawn  the  attention  of  experimenters.    However,  ic 
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■was  not  until  long  after,  about  1830,  that  M.  Ajithuk  Morin,  at 
that  time  a  captain  of  aitOlery,  employed  it  in  a  regular  manner,  and 
as  a  fundamental  means  in  his  beautinil  researches  on  the  friction  of 
sliding  bodies.  It  is  remarkable  that  M.  Morin  does  not  daim  for 
himself  tiie  first  idea  of  this  method,  but  attributes  it  to  a  talented 
engineer,  weU  known  by  his  works  on  geometry,  and  applied  me- 
chank».  But,  what  we  have  said  of  D'Ons-sn-Bray  wul,  doubt- 
less, be  sufficient  for  us  to  restore  to  its  true  author,  the  very  remark- 
able conception  of  apparatus  for  continuous  indications. 

Moreover,  when  an  idea  corresponds  to  the  wants  of  an  age,  in 
the  sciences  as  in  the  arts,  it  presents  itself  to  the  mind  of  several 
persons  at  once,  is  manifested  under  various  forms,  and  is  applied 
to  several  different  objects.  This  is  very  nearly  what  has  taken 
place  with  the  subject  in  question.  A  few  years  after  M.  Morik 
had  made  so  useftd  an  application  of  it  to  the  determination  of  the 
laws  of  the  friction  of  slimng  bodies,  M.  Lalanne,  civil  engineer, 
proposed  to  employ  it  for  several  purposes,  and  addressed  to  the 
Academic  des  Soences  a  memoir  with  the  detailed  description  of  a 
levelling  machine,  a  machine  to  raise  planes,  &c.  {Comptet  rendus  de 
VAead,,  1836,  p.  43.)  Not  to  speak  here  of  the  instruments  relating 
to  meteorology,  and  to  the  physics  of  the  globe,  it  will  be  sufficient  to 
mention,  that  tixe  continuity  of  indications  was  applied  in  his  memdt 
to  the  anemometer,  barometer,  thermometer,  hvgrometer,  udometer, 
to  the  compass,  and  to  the  hydrometer,  which  indicates  the  rise  and 
fnU  of  tides.  His  anemometer  presented  a  notable  advantage  over 
that  of  D*On8-en-Bray,  in  that  its  indications  were  perfectty  con- 
tinuous, whilst  in  the  other,  each  pencil  only  began  to  act  a  short  time 
after  the  preceding  one  had  ceased  to  mark. 

After  this  communication,  the  Academy  has  received  several  others 
on  the  same  subject,  and  apparatus  for  continuous  indications  have 
been  constructed  in  various  localities.  We  have  seen  in  operation  at 
the  Observatory  at  Paris  a  thermometer,  the  temperature  of  which 
was  mark^  on  paper  at  very  near  intervals  of  time  by  a  hole  pierced 
with  the  point  of  a  needle.  Captain  Hossard,  a  staff-officer,  has 
recently  proposed  to  borrow  from  photography  the  means  of  regis- 
tering the  indications  of  any  instrument  at  hours  fixed  upon  before- 
hand. It  is  really  desirable  that  this  excellent  idea  should  not  ex- 
perience too  many  difficulties  in  being  carried  out,  and  that  meteoro- 
logy may  be  enriched  by  a  mode  of  observation  that  will  centuple,  in 
the  space  of  a  few  years,  the  still  incomplete  data  on  which  the  science 
ftt  present  rests. 

Whatever  may  be  the  result,  there  are  now  in  England  q>paratua 
for  continuous  indications,  both  well  conceived  and  well  executed, 
which  appear  to  act  in  a  satisfactory  manner.  The  first  number  of 
the  journal  entitled  The  Illustrated  Polytechnic  Review  (January  7thy 
1843),  gives  a  brief  description  of  one  of  these  apparatus,  including  at 
once  an  anemometer  and  a  pluviometer.  M.  Nbwkan  is  mentioned 
as  bavinff  introduced  several  important  ameliorations  to  this  appa- 
ratus, which  is  attributed  to  Mr.  Osler.  The  direction  and  inten- 
lity  of  the  wind,  as  well  as  the  quantities  of  rain,  are  marked  by  three 
different  pencdls  on  the  same  sheet  of  paper,  which  is  1"  long  by  0",30 
wide,  to  which  a  clock  communicates  a  progressive  movement,  and 
which  is  sufficient  for  the  observations  of  twenty-four  hours.  The 
index  of  the  direction  of  tiie  wind  is  so  arranged  that  equal  spaces  on 
the  pq^  are  allott«l  to  equal  points  of  wind.    The  force  of  the  wind 
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is  directly  mcftsnred  by  the  pressure  it  exercises  on  a  plane  sotftce  of 
detemuaate  extent.* 

Another  number  of  the  same  reriew  (that  of  Febmary  4th,  1843), 
has  given  the  fiac-simile  of  the  traces  left  on  the  paper  of  the  iastm- 
Bient  possessed  by  the  Polytechnic  Institution  of  London,  during 
the  tempest  of  Friday,  the  13th  of  the  preceding  January.  This 
figure  is  very  curious ;  it  enables  us  to  follow  the  lightest  variations 
t£iit  occurred  during  the  prevalence  of  the  tempest  in  the  three  de* 
ments,  the  subjects  of  the  observation. 

M.  Ch  AZALLON,  hydrographic  engineer  of  the  navy,  who,  without 
having  any  knoindedge  of  tiie  labours  previously  undergone  in  this 
subject,  vnis  also  engaged  in  it,  has  just  erected  at  Algiers  an  ap* 
paratus  of  the  same  kind,  whidi  will  give  the  law  of  the  variaticMKB  m 
the  level  of  the  sea,  at  the  same  time  with  the  pressure  of  the  baro* 
meter,  and  the  Intensity  and  direction  of  the  wmd.  The  intensity  is 
given  indirectly,  as  in  :Woltman*8  miU,  by  the  number  of  tarns 
made  in  a  given  time.  With  regard  to  the  mrection,  it  is  indicated 
by  three  pencils  arranged  at  equal  intervals  on  the  length  of  an  endtess 
chain,  in  such  a  manner  that  only  one  at  a  time  makes  a  mark,  and 
that  one  of  them  begins  marking  as  soon  as  the  other  leaves  the  field 
«f  the  paper.  This  last  arrangement  was  also  devised  by  tiie  autiior 
of  the  memoir  dted  above. 
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For  a  long  time,  meteorology  and  botany  were  cultivated  seps^ 
ntely,  as  sdenoes  that  had  no  connexion  with  each  other.  Plants 
were  studied  as  inanimate  things,  and  not  aa  living  beings  related  to 
every  thing  that  surrounds  them.  The  spirit  of  speciality  raised  sa 
insurmountable  barrier  between  two  sciences  apparently  foreign  to 
each  other.  It  was  reserved  to  M.  dk  Humboldt,  who  united  in 
himself  the  sum  of  human  knowledge,  to  shew  that  meteorology  and 
botany,  so  distant  in  the  hierarchy  of  the  sciences,  are  sisters  in  the 
harmonious  co-unity  of  Nature.  In  his  numerous  travels,  he  had 
every  where  seen  vegetation  modified  (Mr  changed  when  the  dimafeo- 
logic  conditions  were  not  the  same  ;  he  studied  the  relations  fxisting 
between  the  physiognomy  of  American  flowers  and  the  cHmatrn  to 
which  they  correspond,  and  thus  created  Boianieai  Geogrt^hjf. 

In  this  complex  science,  geography,  the  physics  of  the  globe, 
geology  and  botany,  lend  their  hand  to  unveil  to  us  the  laws  that  pre* 
Tail  in  the  distribution  of  vegetation,  and  the  causes  of  these  Uwa, 
M.  Kabhtz  was  obliged  to  confine  himself  to  shewing  the  infiuenee 
over  vcoetation  o#  sea  and  of  continental  climates  (p.  175),  and  that 
of  tiie  £creBse  of  temperature  with  the  height. 

If  we  travel  from  south  to  north,  vre  pass  through  different  veget* 
aUe  regions ;  but  we  coacdve  that  these  sones  are  limited  bv  isother* 
mal  curves,  and  not  by  lines  parallel  to  the  equator.  To  aetermine 
the  northern  limit  of  the  diiferent  specks  of  vegetables  is  a  labour  of 
■o  use  either  to  the  advancement  of  sdenee  or  even  to  the  pcrfec* 

•  FiiU  Mote  y.  Appendix,  No.  11. 
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tk»  of  agriculture,  or  the  forest  art.  But  here,  the  choice  of  plants 
is  not  a  matter  of  indifference.  There  are,  indeed,  vegetahlea  that 
can  live  and  propagate  in  diiferent  climates,  as  the  she^md's  purso 
(Capsella  bursa-pastoris)  the  dandelion  (Taraxacum  dena  2e<mM),  wild 
thyme  (Thymiu  $erpyUum),  &c. ;  they  must  he  rejected  in  order  to 
characterise  vegetahle  zones.  I  shoiUd  say  the  same  of  cultivated 
plants,  that  man,  hy  dint  of  care  and  trouUe,  has  made  to  grow  fae« 
neath  a  sky  that  is  not  made  for  them.  The  study  of  their  distribu- 
tion is  interesting  in  a  mote  special  manner  to  the  fiurmer  and  the 
economist.  The  ve^tables  that  may  serve  to  characterise  a  dbnata 
should  include  certain  conditions,  the  first  of  which  is  to  be  found  in  a 
wild  state  in  the  countries  they  inhabit :  it  is  not  necessary  for  them 
to  be  very  common,  but  they  ought  not  to  be  rare.  We  should  ehooao 
visible  plants,  and  such  as  are  easily  reooprnised  and  very  well  known» 
ao  that  there  may  be  no  doubt  as  to  their  generic  or  spedfto  namc« 
In  ffcneral,  botanists  have  preferred  trees,  such  as  laurels,  oaks, 
beech,  chestnuts,  pines,  firs,  &c.  This  sdeetion  is  excellent,  because 
these  perennials  cannot  live  except  in  a  condition  for  resisting  tha 
rigour  of  winter ;  but  they  do  not  always  fruetify  in  summer :  we 
s£>uld,  therefore,  carefully  distinguish  the  limit  act  which  they  cease 
to  exist,  and  that  at  whidi  they  cease  to  froetify.  Sometimes  these 
two  limits  are  confounded,  but  they  are  irequcntly  distinct  and  very 
distant  from  each  other. 

When  we  have  made  ehoica  of  the  vegetation,  by  which  a  lone  ie 
Aaraeterised,  it  will  be  easy  to  group  arwind  it  the  most  remaikaUe 
plants.  This  work  has  been  accompniBhed  for  Burope  bv  M.  Schouw, 
ui  his  work  entitled  jHropa,  |MyfisrA-9«o^rap«fc)be  SekOdenm^m 
He  distinguishes  four  principal  nf^xma  in  Europe :  1st.  The  rM^oa 
•f  trees  with  ever-green  foUase.  9d.  That  of  the  chestnut  and  the 
oak.  3d.  That  of  the  oak  and  the  beech.  4th.  Tliat  of  tite  pine  and 
the  birch.  These  regions  correspond  very  well  with  the  amcultural 
regions,  that  are  respectively  characterised  by  the  cultivation  of  the 
cdive,  the  vine,  cereals,  and  the  absence  of  all  culture."' 

Botanists  have  then  endeavoured  to  learn  what  the  absolute 
number  is  of  species  contained  in  a  region.  This  determination  pre- 
sents great  difficulties ;  for,  Surope  excepted*  we  may  say,  that  we 
never  know  above  a  small  portion  of  the  suedes  that  enter  into  the 
flora  of  any  country ;  and  it  follows,  that  the  numbers  given  are  only 
provisional,  and  may  be  completely  changed  when  persevering  re- 
searches have  made  known  aU  the  vegetable  riches  of  a  countij. 

When  the  list  is  as  complete  as  possible,  we  take  notice  of  the 
fhmilies  and  genera,  the  spedes  of  which  are  predominant,  and  we 
then  obtain  an  idea  of  the  vegpetable  forms  that  characterise  a  botanic 
region. 

The  study  of  dimate'must  advance  parallel  with  that  of  vegetation; 
and  the  dimateric  circumstances  frequently  explain,  in  the  most  satis- 
foctory  manner,  the  differences  presented  by  the  flora  of  countries 
▼erynear  to  each  other,  and  very  similar  in  other  points  of  view. 

The  vegetation  of  mountains  presents  to  us,  on  a  small  scale,  the 
image  of  that  of  the  earth  considered  as  a  whole.  At  the  foot  of  the 
mountain,  we  find  the  flora  corresponding  to  the  climate  of  this 
region ;  but,  in  proportion  as  we  ascend,  the  vegetables  of  the  plain 


*  On  this  sul^ect,  vid^nXao  the  Revue  Jndfpendanie  of  January  10th,  1843. 
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disappear  in  order  to  give  place  to  other  plants  which  always  bdong- 
to  the  colder  regions.  Thus,  then,  to  rise  in  the  atmosphere  or  to 
travel  towards  tbe  pole  is  to  traverse  sncoessively  sones  that  are  more 
and  more  boreal. 

We  may  stndy  the  vegetation  of  mountains  in  two  points  of  view  : 
Ist.  To  determine  the  altitadinal  limit  of  the  different  vegetables,  and 
thus  to  divide  the  mountain  into  zones  or  regions  analc^us  to  those 
that  are  found  when  we  go  from  south  to  north  on  the  plams  of  the 
continents.  2d.  To  make  the  flora  of  one  of  these  zones  comjE^ete, 
and  to  compare  it  with  that  which  corresponds  in  latitude.  These 
two  classes  of  research  present  difficulties  that  are  equally  nnmerouSy 
although  of  a  different  nature.  If  we  endeavour  to  determine  the 
limit  ctf  a  characteristic  plant  in  a  chain  of  mountains,  we  must  first 
include  in  the  account  the  direction  of  the  side  on  which  it  is  found. 
Thus,  we  generally  see  plants  rise  higher  on  the  south  than  on  the  north 
side ;  but  we  shall  soon  recognise,  that  on  the  same  side  their  altitudinal 
limits  vary  sreatly,  aocordu^  to  the  config^uration  in  the  relief  of  the 
woods,  the  direction  of  the  ^illeys,  the  changes  they  determine  in  that 
of  the  predominant  winds,  the  nature,  coherence,  colour,  and  humi- 
dity of  the  soil,  and  a  host  of  other  causes,  some  of  which  esciq;*  the 
most  attentive  observation.  The  following  is  a  proof: — ^All  botaniats 
and  even  travellers  have  been  struck,  in  the  Alps,  at  the  appearance 
presented  by  the  zone  characterised  by  rhododendrons  {Rhoaodendram 
jemtgineum  and  R.  Nrtuhan).  These  elegant  shrubs,  covered  with 
beautiful  red  flowers,  form  a  legion  distincUy  limited,  which  succeeds 
that  of  the  pines,  and  precedes  that  of  the  Alpine  plants.  They  are 
ever  quoted  as  a  very  evident  example  of  a  vegetable  zone,  the  height 
of  which  above  the  sea  is  very  fixed.  In  a  journey  on  the  two  sides 
of  the  Alps,  comprised  between  Mont  Blanc  and  Mont  Rosa,  I  under- 
took to  determine,  by  means  of  the  barometer,  the  limits  of  this  zone^ 
and  the  following  are  the  numbers  I  obtained : — 


X4MIT  OF  THB  ZONE  OF  SHODODENDROKS,  ON  THE  TWO  SIDES  OF 

THE  PENNINE  ALPS.* 


NORTH  BIDE. 

SOUTH  SIDE.         1 

Lower  Limit. 

Higher  TJmit. 

Lower  Limit. 

Higher  Limit. 

1220- 

1469 

1494 

1584 

1640 

1691 

1984- 
2079 
2112 
2208 

» 

868- 
1500 
1620 
1670 

1677 
1788 

1898- 

2081 

2120 

2152 

2194 

2388 

1509 

2101 

1517 

2139 

*  In  this  table,  the  number*  have  been  arranged  simply  scoording  to  their 
value ;  and  the  two  limits  placed  opposite  to  each  other  do  notnecesaarilj 
refer  to  the  same  locality. 
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We  see  that  these  numbers  present  great  diiferences  on  the  same 
side ;  however,  we  may  say  in  general  tmns,  that  the  zone  of  rhodo- 
dendrons has  a  height  of  592  metres  on  the  north  side,  and  622  on  the 
south.  Thus,  the  direction  has  little  influence  over  the  altitudinal 
limits  of  the  rhododendrons,  which,  in  the  Pennine  Alps,  appear  to  be 
almost  the  same  on  both  sides. 

Isolated  mountains,  such  as  the  Ventoux  in  Provence,  Etna  in 
Sicily,  and  the  Peak  of  Teneriffe  in  the  Canaries,  are  of  singular  ser- 
vice in  the  studies  of  botanic  geography  ;  for  there  a  portion  of  the 
disturbing  causes,  that  we  have  pointol  out,  tend  to  disappear.  It  is 
jon  these  mountains  tnat  the  influt-uce  of  exposure  becomes  predomi- 
nant ;  for  it  is  not  counterbalanced  by  the  protection  formed  by  the 
surrounding  woods.  Thus,  on  these  mountains  a  few  barometric 
measurements  are  sufficient  to  determine  the  limit  of  a  plant,  whilst, 
on  long  chains,  the  exactness  of  the  results  is  in  proportion  to  the 
number  of  obsorvations  from  which  the  means  have  oeen  deduced. 

Tlie  nature  of  the  soil  has  sometimes  an  equal  influence  with  that 
of  climate ;  thus,  in  Norway,  the  wood  pine  is  next  to  the  white  birch, 
the  tree  that  advances  farthest  to  the  north  ;  in  particular,  it  passes 
beyond  the  pitch-tree  {Abies  excelsa).  In  the  Alps,  every  thin^  is  the 
reverse  :  the  wood  pine  stays  at  the  foot  of  the  mountains,  whilst  the 
mean  limit  of  the  Aides  exeelsa  is  1800  metres.  This  is  because  the 
pine  cannot  flourish  except  in  a  sandy  soil ;  now  the  alluvial  soil 
ceases  at  the  foot  of  the  Alps,  the  pine  stops  at  its  limit.  In  the 
north,  on  the  contrary,  it  is  round  even  in  the  most  distant  fiords  of 
lApland. 

If  we  wish  to  make  the  complete  flora  of  a  vegetable  zone,  in  order 
to  know  what  the  plants  are  that  are  peculiar  to  it,  and  those  which 
rise  from  the  plain,  or  descend  from  the  higher  regions,  the  same 
difficulties  are  experienced  as  for  the  flora  of  a  coun^  on  the  plain ; 
namely,  that  nomwithstanding  the  most  persevering  researches,  we 
always  risk  beine  incomplete.  It  is  good  in  this  case  to  prefer  an 
isolated  summit,  because  then  the  limits  of  the  region  are  better  cir- 
cumscribed, the  action  of  climate  is  more  powerful,  and  the  influence 
of  neighbouring  regions  less  marked.  Ramond  was  the  first  to  give 
an  example  of  this  kind  of  researches,  in  his  memoir,  entitled.  State 
qf  Vegetatum  at  the  summit  qf  the  Peak  qf  Midi  de  Bagnh-es,  This 
summit  is  2880  metres  above  the  sea.  Ramond  ascended  it  thirty- 
five  times  in  fifteen  years ;  and  each  time  he  collected  all  the  plants 
that  he  found  in  flower.  The  lower  limit  of  these  herborisations  was 
sixteen  metres  below  the  summit.  He  established  the  existence  of 
133  species,  of  which  seventy-one  were  phanerogams  and  sixty -two 
cryptogams. 

I  executed  the  same  labour  on  the  summit  of  the  Faulhom  in 
Switzerland.  The  elevation  of  this  summit  is  2683  metres ;  it  is  ter- 
minated by  a  cone  eighty  metres  high  and  four  and  a  half  hectares 
in  superficies.  I  undertook  the  flora  of  this  cone  with  my  friend, 
M.  Bratais.  We  stayed  there  forty-five  days  in  1841  and  1842. 
The  climate  of  the  summit  is  now  very  well  known,  thanks  to  these 
two  sojoumings,  and  to  those  of  M.  Kaemtz,  which  had  preceded 
ours;  for  now,  the  knowledge  of  the  temperature  of  the  summer 
months  rests  on  131  days  of  observations,  distributed  through  four 
different  years. 

The  following  are  the  temperatures  of  the  summer  months  and  of 
the  year ;  those  of  winter  and  spring  possess  no  importance,  since  the 
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plants  are  then  buried  under  a  bed  of  snowi  wbich  almost  always  at* 
tains  sereral  metres  in  thickness. 

{June a°,5 
July......  4,0 
August. ...  3  ,5 
September    l  ,5 

Mean  of  the  year,  -—2^,33. 

Very  weD!  under  the  dimate  which  is  eolder  than  that  of  the 
North  Cape(lat.  71^),  and  the  summer  of  which  is  scarcely  warmer 
than  that  of  Spitzbergen,  on  this  isolated  rock,  beaten  by  winds  in. 
all  directions,  nearly  900  species  grow,  of  which  126  are  phanerogams^ 
that  flower  in  the  summer.  When  we  look  through  the  list,  we  find 
plants  of  the  plain  that  hare  Tentured  to  this  height.  Such  are : 
Cerattium  arvmsey  AlehemUla  vulgaris^  Cap$ella  huna-pastori$f  7%y« 
mus  serpUhaiif  &c. ;  others  belong  to  the  subalpine  region ;  for  ex- 
ample :  Aeonitum  napelluSf  Arabis  oiptiia,  Oxptropis  campestrit,  Ar^m 
idea  scorphideSf  Bartsia  alpina,  Cirman  spiaosujimum,  Oentianacamm 
pestrU,  PhalangiMm  serotimtmf  &c.  A  great  number  haye  been 
observed  by  Ramoio)  on  the  peak  of  the  Midi,  and  must  be  consi- 
dered as  really  mountain  plants.  Such  are :  Cardamine  beUidi/oHaj 
Draba  fiadmxenn$y  Silene  aemUiSf  Dryas  octcpetdla,  Saxjifraga  sid^ 
lariSf  S.  opposit^oUa,  Oxyria  ret^formitf  Poh/gonum  vwiparum^  and 
Trisetum  subspicatum. 

I  cannot  here  enter  into  luUer  details  on  the  interesting  connex- 
ions to  wliich  these  comparisons  give  rise ;  but  I  hope  to  develops 
tlie  sulgect  in  the  botanical  part  of  the  Voyages  of  the  Commisriim  pf 
the  Northf  and  to  shew  whi^  are  the  analogies  and  diffarenoes  be- 
tween the  vegetation  of  the  elevated  summits  of  the  Alps  and  that  of 
tiie  northem  countries  of  Norway,  and  Spitzbergen  in  particular. 


Note  D.  p.  227. 

Tlie  whole  of  organic  nature  is  found  to  be  in  dependence  npoD 
meteondogical  phenomena.  The  influence  of  climate  is  very  poweml 
c»ver  the  existence  and  devdopemeot  of  v^etables  and  animals. 
However,  among  inorganic  masses  there  are  some  that  are  also 
poweifiilly  modified  by  temperature,  moisture,  winds,  rains,  snow, 
and  barometric  pressure  :  these  are  the  glaeuers.  The  author  has  al- 
ready suffidentlv  shewn  the  medianism  by  which  a  glacier  is  formed. 
Derived  from  the  region  of  eternal  snows,  it  descends  like  a  soUd 
riTer  into  the  valleys  that  proceed  from  them ;  and  lower,  in  propor- 
tion as  the  regions  of  eternal  snow  whence  it  originates  are  hi^^er. 
Thus,  iirom  the  height  at  which  the  lower  part  of  a  glacier  is  found, 
above  the  level  of  the  sea,  we  may  almost  determme  that  of  the 
reaion  of  eternal  snows,  whence  it  derives  its  origin.  The  ftrther 
thu  lower  part  of  the  glacier  descends  toward  the  plain,  the  more 
elevafced  in  the  atmospl^re  is  its  higher  part.  The  following  is  the 
proof.  Among  the  glaciers  whose  elevation  above  the  sea  is  known, 
are  those  of  Grindelwald,  the  Boesons,  and  Brenva,  which  descend 
lowest,  the  mean  height  of  their  lowest  part  being  1230  metres  abore 
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the  level  of  the  lea;  now,  these  four  gladen  descend  from  Mont* 
Blanc  and  the  Jungfiran,  the  two  most  devated  sunmits  of  tiie  east- 
cm  and  western  Alps.  Doubtless  the  direction,  and  the  depth  and 
width  of  the  valley,  are  not  without  their  influence ;  but  the  principal 
eonditlon  is  the  elevation  of  their  source,  or,  in  other  words,  the 
climate  of  the  glacier  at  its  origin.  We,  therefore,  see  that  the 
length  and  power  of  the  glacier  are  the  direct  result  of  atmospheric 
conditions,  and  of  temperature  in  particular. 

Let  us  now  examine,  under  a  purely  meteorological  point  of  view, 
the  phenomena  presented  by  ffladers ;  we  shall  see  that  it  is  not  nuJi 
to  maintain  that  the  time  wiU  come,  when  we  shall  be  able  to  con- 
clude the  modification  of  a  glacier  from  those  df  the  atmosphere, 
and  vice  vend.  But,  in  order  to  estabUah  in  a  positive  manner  the 
point  which  connects  metecHrology  with  the  physics  of  the  g^obe,  it  i§ 
oesirable  that  long  series  of  observations  be  made  in  the  neighbour- 
hood of  the  glaciers,  in  order  to  connect  the  two  orders  of  phenomena. 
Of  all  atmospheric  agents,  temperature  is  that  whose  action  is  tiie 
most  energetic.  The  glacier,  doubtless ,  is  also  under  theinfluenee  ot  that 
of  the  soil ;  but  MM.  Bischotf  andELiE  db  Beaumont  have  shewn 
that  this  action  is  altogether  insignificant,  and  |may  be  n^lected. 
Temperature  acts  in  two  ways :  first,  itdireotiy  mdtsthe  glader,  prin- 
cipally at  its  lower  part,  then  the  snow,  converted  into  water  under  ita 
influence,  infiltrates  into  the  mass,  penetrates,  hollows  out,  and  under- 
mines it,  and  forms  galleries  and  caves,  that  admit  the  external  air  ; 
and,  under  this  triple  infiuence,  the  mass  of  the  glader  diminishes, 
and  its  lower  extremity  is  partiy  melted.  If  this  melting  is  of  suffl- 
dent  amount  to  prevail  over  the  progression  of  the  glader,  then  the 
latter  recedes ;  otherwise  it  continues  to  go  onwai^,  even  during 
summer.  Thus,  in  1 8 1 8,  according  to  the  measurement  ofM .  de  Ch  ar- 
PKNTiER,  the  glader  of  the  Rhone  advanced  forty-dght  metres.  But, 
during  the  hot  summers,  the  glader  generally  receded  very  sensibly. 
It  follows,  from  the  alternations  of  hot  and  rainy  summers,  tiiat  we 
observe  in  Svritzerland  an  oscillation  of  the  lower  extremity  of  the 
gladers,  which  sometimes  advance,  carrying  before  them  trees  and 
oams,  and  sometimes  recede,  leaving,  as  a  trace  of  their  passage,  a 
barren  soil,  strewed  with  flints,  sand,  and  blocks  of  rock. 

But  temperature  also  effects  a  complete  change  on  the  surface  of 
a  glader.  During  a  hot  day,  innumerable  streamlets  of  water  flow 
over  its  surface  and  fall,  like  cascades,  into  the  crevices ;  small  trans- 
parent pools,  perfectiy  blue,  are  formed  in  the  hollow  parts :  but 
when  a  cold  and  dear  night  succeeds  this  day,  all  returns  to  silence ; 
the  brooks  are  stayed,  the  pools  of  water  Bre  covered  with  a  pcllide  of 
ice ;  and  the  next  &y  this  movement  begins  again,  when  the  sun  comes 
to  reanimate  this  motionless  plain. 

The  upper  surface  of  the  glader  melts  as  well  as  the  lower ;  we  con- 
vinced ourselves  of  this,  by  planting  stakes  and  burying  stones  in  the 
iee ;  at  tiie  end  of  a  certain  time  the  rtakes  were  exposed,  and  the  stones 
were  on  the  suiface  of  the  glader.  By  direct  measurements,  taken 
on  the  rocks  by  which  the  glader  is  Dounded,  we  proved  that  the 
level  of  these  stones  remained  the  same  so  lonir  as  tiiey  were  buried 
in  the  glacier,  and  that  it/ell  from  the  moment  that  they  were  on  the 
•ur&oe  $  we  also  meamed  the  fall  of  the  suriisce.  In  tae  summer  of 
184l,viz.,from  July  26th  toSeptember4th,  with  a  mean  temperature  of 
4*',61,  and  a  relative  humidity  (otd«p.  78)  of  76  per  cent,  M.  Brayais 
and  I  recognised  that  the  mean  diurnal  melting  of  the  surfeoe  of  the 
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small  glader,  sitaafted  below  the  sominit  of  the  Fkralhoni,  was  37""*. 
During  tiie  same  period,  this  surfeoe  had  fallen  1,54".  In  1842,  M. 
AoASSiz  observed  a  full  of  the  surftuse  or  mean  abUUion  of  77,3"ua 
per  day,  on  the  glacier  of  Unteraar,  and  in  the  same  year,  Mr.  Forbes 
found  that  the  sea  of  ioe  at  Chamounix  had  fallen  at  its  edges  80 
centimetres  from  June  26  to  September  10. 

This  fall  of  the  surface  gives  rise  to  a  curious  phenomenon.  When 
B  large  block  of  stone,  by  its  mass,  protects  the  ice  that  it  oovera  i 

against  the  action  of  the  sun,  the  ice  does  not  melt ;  but  around  it  i 

the  ice  exposed  to  the  action  of  heat  is  continually  mdting :  there 
the  surface  of  the  glacier  falls,  and  the  block  is  at  Ir^t  on  ^ue  summit 
of  a  pedestal  of  ice,  the  height  of  which  gives  an  appropriate  idea  o£ 
the  melting  of  the  glader.  Thus,  at  all  places  where  its  surftce  is 
covered  by  a  mass  of  blocks,  we  observe  that  its  level  is  higher. 

The  hymmetric  state  of  the  air  exercises  no  less  an  influence.  If 
the  air  is  hot  and  dry,  the  eviqioration  of  water  and  ice  is  more  ac- 
tive ;  if  it  is  cold  and  moist,  vapours  will  condense  on  the  glacier,  and 
contribute  to  its  increase. 

AH  these  effects  will  be  still  more  marked,  if  the  air  is  in  motion  : 
and  here  the  action  of  the  vrind  is  added  to  that  of  the  vapour  of 
water.  Is  it  necessary  to  insist  on  the  part  played  by  hydrometeora 
in  tiie  economy  of  glaciers  ?  Who  does  not  understand  that  warm 
rains  hasten  the  melting  much  more  than  warm  air,  on  account  of  Uie 
greater  capacity  of  wat^  for  heat ;  that  a  thick  bed  of  snow  places  it 
temponuily  under  shelter  from  atmospheric  influences,  and  modifies 
these  influences,  as  soon  as  it  enters  into  fusion  ?  But  the  exact  ap- 
preciation of  the  part  played  by  all  the  meteorologic  agents  would 
require  long  and  persevering  researches ;  it  is  by  observing  simulta- 
neously the  glacier  and  the  meteorological  instruments,  tluit  we  may 
arrive  at  an  appreciation  of  the  phenomena  that  it  presents,  and  pro- 
bably to  the  discovery  of  their  causes. 

Does  barometricpressure  play  an  important  part  in  the  pheno- 
mena  of  glaciers  ?  This  part,  doubtless,  is  not  comparable  to  that  of 
temperature,  winds,  and  hydrometeors ;  nevertheless,  I  have  been 
able  to  establish  that  pressure  is  not  altogether  foreign  to  their  forma- 
tion. A  mass  of  snow,  when  not  settlea,  is  filled,  as  we  know,  witb 
an  immense  number  of  bubbles  of  air ;  when  this  mass  is  penetrated 
with  water,  it  is  then  changed  into  a  glacier  by  successive  congela- 
tions, the  air  is  disengaged  m  the  form  of  little  bubbles,  that  rise  and 
burst  on  the  surface  <tf  the  little  pools  of  water,  of  which  I  have 
spoken,  and  with  a  very  marked  crepitation.  Now  on  the  glacier 
that  I  observed  the  mean  barometric  pressure  is  only  560*""",  instead 
of  762,  as  at  the  sea-coast,  in  equal  latitude.  It  is,  therefore,  evi- 
dent that  the  bubbles  must  be  liberated  vrith  'greater  facility  than  if 
the  phenomena  occurred  at  the  level  of  the  sea. 

I  do  not  here  enter  further  into  detail ;  my  only  object  was  to 
shew  that  glaciers  form  the  transition  between  geology  and  meteoro- 
logy ;  and  that  their  dependence  on  the  atmosphere  is  much  greater 
than  that  of  lakes,  rivers,  and  the  sea.  The  study  of  their  pheno- 
mena presents  great  difficulties,  because  they  are  very  complex,  and 
result  from  the  combination  of  forces,  the  knowledge  of  which  enters 
into  the  domain  of  physics,  chemistryy  meteorology,  the  physics  of  the 
l^lobe,  and  geology* 
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Note  E,  p.  342« 


As  M.  Peltier  deduces  from  his  experiments  and  observations 
interpretations  very  different  from  those  of  other  philosophers,  we  deem 
it  usefrd  to  present  here  the  summary  of  the  researches  that  he  has 
published  up  to  the  present  time,  and  those  which  he  has  recently 
communicated  to  us. 

An  old  experiment  of  Dk  SAUsauRs  and  Ermank,  which  re- 
mained without  any  result,  is  the  starting  point  of  the  series  of  Acts 
which  induce  him  to  regard  the  aqueous  and  igneous  phenomena  on 
the  atmosphere  in  an  entirely  new  point  of  view.  The  following  is 
this  ftmdamental  experiment,  as  it  has  been  modified  by  M.  Pbl- 

TIER.* 

A  person  stands  on  a  perfectly  open  place,  above  all  the  surround- 
ing otgects :  he  takes  an  electrometer,  armed  with  a  rod  of  about  four 
dMimetres  in  length,  surmounted  bv  a  ball  of  polished  metal  of  from 
three  to  four  centimetres  of  radius,  in  order  to  increase  the  effects  of 
jmduction,  and  to  avoid  the  escape  of  the  electricity  which  may  be  re- 
peUed  in  the  upper  part.  The  instrument  is  held  in  one  hand  and 
adjusted  with  the  other,  by  putting  the  rod  in  connexion  with  the 
platinum.  All  the  reactions  being  ecraal  on  all  sides,  the  gold  leaves 
of  the  electrometer  fall  straight,  and  marie  zero.  In  this  state  of 
equilibrium  the  instrument  may  be  left  in  contact  with  the  free  air  for 
a  whole  day,  under  a  clear  sky,  without  ito  manifesting  the  least  signs 
of  dectridty :  we  may  even  move  it  and  agitate  the  air ;  from  the  instant 
it  is  held  at  the  same  height,  it  will  remain  entirely  still.  But  if,  in- 
stead of  leaving  it  in  the  same  stratum  of  air,  we  raise  it  from  four  to 
five  decimetres,  we  immediately  see  the  gold  leaves  diverge  and  indi- 
cate a  vitreous  tension.  (M.  Peltier  prefers  the  words  vitreous  and 
resinous  to  positwe  and  negative,  as  being  less  significant  and  not  sa- 
vouring of  any  theory.)  If  we  restore  the  instrument  to  the  original 
place,  the  leaves  fEtll  again  exactiy  to  zero ;  if  we  cause  it  to  descend 
Dclow  tills  point  of  equilibrium,  the  leaves  divei^  again,  but  then 
they  are  charged  with  resinous  electricity.  On  raUing  it  again  to  the 
original  point,  the  instrument  recovers  ito  zero,  and  preserves  nothing 
of  the  frve  electricities  which  it  shewed  an  instant  before.  Since  no 
free  electricity  remains  in  the  instrument,  the  air,  therefore,  has  not 
communicated  any  thing  to  it,  and  the  signs  which  it  save  were  only 
Ibe  result  of  a  new  distribution  in  the  electricity,  which  the  rod  pos- 
sessed at  the  point  of  equilibrium ;  we  have  merely  to  replace  the  in- 
strument at  uie  same  point  to  make  them  disappear,  luey  were,  in 
short,  only  signs  of  induced  electricity  in  a  body  which  approaches  or 
recedes  from  another  charged  with  free  electricity— a  phenomenon 

*  y/dehhs  Memoirs  in  the  AnmaUt  de  Chimie  et  de  Pl^tique,  t.  iv.  3d  series ; 
3tAno&ei  df  VAcad.  de  BrtuceUn^  X.  xv.  3d  part;  his  TraM de»  Trombet; 
■the  article  ilAiMupAerr  of  the  Supplement  to  the  DicUmmaire  des  Sdeneet  Sa- 
tureUei  ;  and  the  Compie*  rendut  de  VAcad,  da  Sciences  of  Paris,  ftwa  1838 
to  1842. 


494  VOTES  BT  M .  CH.  MJLBTIRS. 

which  may  be  Kprodueed  in  a  room  by  standing  on  a  remumt  or 
nnder  a  vitreous  sniftoe. 

If,  instead  of  a  polished  ball,  we  place  one  or  several  points,  or  a 
lighted  match,  as  volta  did,  the  phenomenon  ceases  to  be  sinmle, 
and  no  longer  permits  us  to  diwtingnish  whether  the  primitive  enJect 
was  a  new  distribution  of  electricity,  or  whether  it  is  electricity  taken 
firom  the  atmosphere.  In  &ct,  when  we  raise  the  instrument,  the 
resinouM  electricity  oooioed  by  the  vUreout  induction  of  celestial  space 
to  the  extremity  of  the  rod,  instead  of  maintaining  itself  there,  cscanca 
by  the  points  or  by  the  flame;  when  we  lower  the  instrument  it  ia  ot* 
fident  of  all  the  dispersed  electricity,  and  the  former  equilibrium  can« 
not  be  re-established.  Then  there  remains  permanent  w/reow  ilw.ti  i- 
dty,  which  b  wrongly  attributed  to  the  contact  of  the  air;  itisiniealitjf 
ou^  the  portion  separated  from  that  of  the  contrary  name  whidi  has 
vaiuahed  by  the  points,  and  which  can  no  longer  be  neutralised  when, 
we  replace  the  instrument  at  the  ori^^inal  point. 

This  experiment,  proving  that  neither  the  air,  nor  the  vuiour  that 
it  contains,  possesses  free  vitrtotu  electricity,  invalidated  uie  oonse* 
quenoes  tlmt  Volta,  Lavoisier,  and  Laplace  had  drawn  frosa 
tiicir  experiments.  On  repeating  and  analysing  these  latter,*  If. 
Pbltibk  has  endeavoured  to  prove  that  vapour  produced  at  a  tern* 
perature  below  110°  centimde  never  carries  off  free  electricity; 
that  there  is  no  electricity  nut  that  formed  at  a  temperature  higher 
than  110°.  Hus  temperature  not  being  that  of  the  sur&oe  of  the 
globe,  the  electric  vapours  which  rise  cannot,  therefore,  proceed  froaa 
the  simple  ev^wration  of  saline  or  pure  waters.t 

Hie  electricity  of  clouds  and  fogs  cannot  be  denied :  he  inquired 
whence  it  proceeded.  As  soon  as  he  had  established  that  the 
terrestrial  ^be  is  a  body  charged  with  rt$momt  electricity,  it  waa 
eas^  to  demonstrate,  by  experiment,  that  the  vs^ur  which  risea  is 
retmom  like  itself,  tiiat  this  electric  state  of  the  globe  is  a  powerfbl 
cause  of  evaporation,  and  that  this  latter  may  be  quintupled  and 
aextupled  by  a  high  tension.  The  vapour  whidi  rises  fit>m  the  earth 
being  restaoicf  like  itself,  its  tension  must  react  downwards  against 
that  of  the  globe,  and  suooessively  reduce  all  its  effects.  This  is  what 
takes  place ;  and  it  demonstrates  the  decrease  of  terrestrial  induetioa 
cm  the  electroBMters  in  nroportion  as  vapour  is  formed  daring  the 
beat  of  the  day.  These  instroments  do  not  give  the  measure  of  the 
whole  of  the  electricity,  but  only  the  difference  of  the  qoantitiea 
which  art  upon  the  eoatings  on  the  one  hand,  and  upon  the  rod  that 
sustains  the  gold  leaves  on  the  other.  It  follows,  that  they  may  be 
placed  in  the  centre  of  a  mass  of  vapours,  charged  with  a  great 
ouantitv  of  electricity,  without  giving'the  least  sign  of  it.  Thus,  their 
oecreastng  manifestation  with  the  formation  of  vapours  is  a  proof 
that  these  latter  are  charged  with  resinotu  electricity  like  the  ^be, 
and  that  they  react  from  above  dovmwards  against  itsactioat  which  ia 
from  below  upwards. 

Vapour  bdng  in  a  triiliog  degree  condneteous,  does  not  kmg  re* 
tidn  the  eoual  distribution  of  its  re$uwu$  tension ;  the  incessant  aetioa 
of  the  globe  repeU  the  resitunu  electricity  towards  the  upper  strata, 
and  thus  renders  the  lower  strata  vUreotts,    The  new  distribution  of 

*  Eesesrchi  on  the  Csase  of  the  Bleetric 'Phenomena  of  the 
^hero,  inmmin  4e  CkmUeetde  Pk^tiqme,  t.  4,  Id 
t  ride  note  <,  AppendU  No.  IL 


ELECTBICITT  DUKING  8SBEKS  WBATHEB.  49S 

dectridty  is  made  the  more  easily  in  proportioii  as  the  density  in- 
creases. This  is  why  the  electrometer,  which  had  ahnost  ceased  to 
sive  electric  signs  in  the  middle  of  the  day,  gradually  recovers  extent 
m  its  indications  when  the  condensation  of  the  evening  is  felt :  the 
lower  vapours  become  vitreous  by  induction,  and  the  upper  vapours 
become  more  resinous.  During  tlie  ni|^t,  the  lower  vapours  oeing 
deposited  in  dew,  the  quanti^  of  the  vitreous  vapours  has  dimi« 
nished,  the  upper  vapours  then  react  more  freely,  and,  towards  the 
morning,  the  electrometer  gives  a  less  amount  of  indication  than  It 
did  on  the  previous  evening. 

The  first  eifect  of  the  rising  sun  is  to  cause  the  vapours,  that  are 
condensed  during  the  night,  to  return  into  the  state  of  elastic  vapour, 
whether  they  are  or  are  not  in  the  vesicular  state. 

These  vapours  being  placed  between  the  resimous  earth  and  the 
vitreous  celestial  space,  the  first,  that  pass  into  the  state  of  elastle 
fluid,  carry  off,  on  rising,  a  higher  resinous  tension,  which  they 
obtain  by  weakening  such  of  the  vapours  as  they  leave  behind,  ana 
iriiidi,  having  thus  become  less  resinous  than  the  globe,  are  vitreou9 
in  comparison  to  it  and  our  instruments.  During  this  first  moment 
of  the  re-evaporation  of  the  upper  vapours,  the  strata  left  behind 
having  become  vitreous,  are  attracted  by  the  earth,  act  more  on  our 
tastruments  by  their  proximity,  and  often  produce  a  second  dew, 
until  at  length  the  sun,  by  darting  direct  rays  upon  the  earth  itself, 
warms  it  and  reproduces  resinous  vapours,  which  are  difl^ised  in  the 
atmosphere,  and  react  firom  above  down^nuds  on  the  instrument,  at 
on  the  previous  evening,  and  reduce  anew  the  eifiect  of  the  globe. 

This  play  of  electric  induction  is  shewn  on  a  very  grand  scale, 
and  several  times  a-day,  around  the  tops  of  Ugh  mountains.  Since 
M.  Pbltibr  has  established  that  all  grey  and  slate-coloured  clouds 
are  charged  with  rennoMf  electricity,  and  that  all  the  white,  rose,  or 
orange-coloured  clouds  are  charged  with  vitreous  electricity,  k  was 
easy  for  him  to  follow  at  a  distance  this  order  c4  phenomena,  with- 
out being  obli^  to  go  and  measure  their  tension  with  the  electro- 
meter. This  IS  the  extract  of  his  observations.  When  a  white  doud 
hangs  over  the  summit  of  a  mountain,  its  powerfdl  vitreous  tension 
rouses  and  hastens  the  evaporation  of  its  damp  sides ;  the  quantity 
of  vapours  produced  get  beyond  the  point  of  saturation  of  these  cola 
regions,  they  immediately  pass  into  the  state  of  vesicular  vapour,  and 
appear  under  the  form  of  ashy-grey  flakes,  of  a  tint  which  is  deeper 
as  the  upper  cloud  is  of  a  more  dassling  white.  The  grey  tint  does 
hutf  remain  uniformly  distributed ;  the  vitreous  attraction  of  the 
white  doud  renders  the  bordering  of  the  grey  doud  more  reraiotif  , 
which  then  takes  a  deeper  tint  and  forms  a  narrow  riband  at  its 
upper  part.  This  extreme  stratum  is  divided  into  sinuous  and  trem* 
bong  striae,  which  shake,  rise,  and  disappear,  by  pasdnv  again  into 
the  state  of  elastic  vapour.  These  first  vapours  bdng  mspersed,  are 
replaced  by  others,  which  experience  the  same  transformation,  and  so 
on.  The  g^reatest  resinous  tension  of  the  upper  riband,  as  mani- 
fested by  its  more  slate-coloured  tint,  cannot  take  place  but  by 
taking  from  the  former  vapours  the  resinous  dectridty  which  they 
have  carried  off  from  the  earth ;  by  the  decrease  of  thdr  resinous  ten- 
sion, these  latter  lose  by  degrees  thdr  grey  tint,  and  finally  become 
almost  as  white  as  the  upper  cloud.  This  last  itself  has  lost  its 
original  lustre,  in  proportion  as  its  own  vapours  were  neutralized  by 
those  which  radiated  from  the  grey  band.    The  phenomenon  then 
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stops,' and  the  mountain  ceases  to  ntoke,  not  to  commenee  again 
vntil  the  winds  shall  have  cleared  it  from  those  elouds  whidi  have 
become  similar. 

The  presence  of  a  grey  dond  above  the  summit  of  the  mountain 
produces  an  analogous  eiSect,  but  with  inyerse  electric  signs.  The 
cloud  which  issues  from  its  sides  is  white ;  it  is  charged  with  vitreims 
electricity ;  its  upper  riband  is  more  daading  than  the  centre ;  it  re- 
passes into  the  state  of  electric  fluid,  and  tiie  rest  loses  by  degrees 
ito  lustre  and  becomes  grey.  In  fact,  these  same  phenomena  are 
again  produced  under  a  clear  sky*  but  with  less  energy ;  the  vitretmt 
toision  of  celestial  space  is  su(Kcieiit  to  carry  tl^e  enworation  be- 
yond the  point  of  saturation  of  that  stratum  of  air.  The  electro- 
meter also  frequently  indicates  that  the  invisible  elastic  vapour  Is 
powerfrdly  dmxged  with  electricity,  which  is  sometimes  n'/reoici ,  at 
other  times  restmw*.  Under  this  new  influence,  the  smoking  of  the 
mountains  considerably  increases ;  this  abundance  of  vapours  pro- 
ceeding from  the  side  of  mountains  is  itself  an  indication  of  the  pre- 
sence of  upper  vapours,  still  in  a  transparent  state.  It  also  shews 
that  their  near  condensation,  in  proportion  as  their  electricity  is 
neutralised,  will  give  abundant  rains. 

On  attaitivdy  following  all  these  transformations  on  the  moun- 
tains or  in  the  middle  of  plains,  we  see  that  every  day  produces  very 
nearly  the  same  series  of  fricts.  There  are  vapours  produced  either 
by  temperature  alone,  or  by  temperature  seconded  by  dectric  attrac- 
tion ;  then  towards  evening,  or  during  the  night,  their  condensation 
takes  place,  and,  consequently,  a  new  distribution  of  dectridty  under 
the  influence  of  the  globe.  At  sunrise,  it  is  the  re-evaporation  of 
opaque  vapours,  or  a  fresh  dilatation  of  those  which  are  yet  elastic  ; 
both  are  produced  under  this  same  influence,  resinous  bdow,  tfUreoms 
above :  the  first  vapours  that  rise  are  the  most  resinous,  the  last  are 
less  so,  and  are  then  vitreous  in  comparison  to  the  first ;  thev  thus 
form  opaque  douds  of  different  tensions,  when  cooling  condenses 
them.  The  daily  vapours,  by  thus  rising  in  the  atmosphere,  soon  ex- 
perience the  effect  of  another  electric  induction,  which  powerfully  re- 
acts from  above  downwards :  it  is  that  of  the  upper  current  oif  the 
atmosphere,  which  carries  away  to  the  polar  regions  the  resinous 
vapours  of  the  tropical  regions.  The  hdgnt  of  this  current  and  the 
energy  of  its  resinous  tension  varying  wiUi  the  seasons,  produce  re- 
actions more  or  less  distant  from  the  snrfoce  of  the  earth.  There  Is^ 
again,  between  these  two  forces  a  resultant  of  the  difference  depending 
on  the  proximity  of  one  or  other  of  these  forces,  and  the  concomitant 
actions  of  temperature  and  winds.  We  cannot  enter  into  further 
details, — it  would  be  trespassing  beyond  the  limits  of  a  note ;  it  is 
enough  to  have  pointed  out  the  new  path  that  M.  Peltier  has  fol- 
lowed in  his  works ;  each  one  will  be  able  to  obtain  evidence  for  or 
against  these  results  by  new  observations,  and  thus  to  dedde,  by  the 
aid  of  time,  which  is  the  road  that  conducts  most  directly  to  the 
knowledge  of  the  true  cause  of  the  meteors. 
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Note  F.  p.  409. 

The  succession  of  tints  hj  which  the  sky  is  coloiired  during  twi- 
light offers  several  peculiarities  which  are  not  very  easy  to  enlain, 
in  the  imperfect  state  in  which  the  optics  of  gases  are  still  found. 
As  a  complete  explanation  of  the  phenomenon  may  serve  as  a  basia 
to  every  theory  that  would  exphun  these  &cts,  I  n^  here  communi- 
cate the  results  of  the  observations  made  by  M.  Bravaib  on  the 
summit  of  the  Faulhom,  2683  metres  above  the  level  of  the  sea,  and 
which  embrace  no  less  than  thirty  perfectly  serene  twilights.  He 
lukd  at  his  disposal  the  most  exact  means  of  appreciating  both  the 
position  of  the  sun  above  or  below  the  horison,  and  the  apparent 
distance  of  the  coloured  zones  from  the  zenith  of  the  beholder,  we  are 
about  to  follow  the  sun  in  each  two  degrees  of  its  course,  in  proportion 
as  it  approaches  the  horizon,  towards  morning  twilight.  The  follow- 
ing zenithal  distances  refer  to  the  centre  of  tl^  sun,  not  displaced  by 
the  effect  of  refraction ;  zenithal  distances  greater  than  90**  indicate 
that  the  sun  has  not  yet  risen. 

1st.  Zenithal  distance  of  the  sun  102*.  In  the  east  a  reddish  or 
orange-coloured  band,  wliose  height  is  nearly  equal  to  0^    We  do  not 

Jet  mstingnish  any  other  tint  aM>ve  this  oianffB-ooloured  band ;  the 
eight  of  the  crepuscular  curve  is  V»  The  spindle  comprised  between 
these  two  arcs  is  of  a  whitish  blue,  clearer  than  the  rest  of  the  slcy. 

2d.  Zenithal  distance  of  the  sun  100^.  The  height  of  the  orange 
zone  is  1\  Above,  yellow  begins  to  appear,  and  jts  hd^t  attains 
20  30'  in  the  sun's  vertical.  No  green  is  yet  to  be  seen.  The  height 
of  the  crepuscular  curve  is  13°. 

3d.  Zenithal  distance  of  the  sun  9^.  The  part  tinged  with  red 
extends  from  the  horizon  to  1<>  1 5'.  Above,  yeUow  tint  as  &r  as  3*  lO'. 
Green  begins  to  appear  upon  the  yellow  ;  the  greenish  band  scarcely 
gets  beyond  the  hdght  of  5**.  Above,  a  weaker  bluish  shade,  as  £u: 
as  25*',  where  the  limit  of  the  twilight  is  formed. 

4th.  Zenithal  distance  of  the  sun  96^  The  elevation  of  the 
orange-coloured  and  yellow  zone  has  not  changed ;  the  greenish  tint 
prevails  to  a  height  m  7^.  The  crepuscular  curve  rq[iidly  reaches  the 
senith ;  its  height  is  70%  The  western  sky  does  not  yet  presoit  any 
trace  of  light. 

5th.  Zenithal  distance  of  the  sun  94%  The  yellow  and  orance- 
coloured  bands  preserve  Uie  same  elevation  above  the  horizon.  T^ 
greenish  zone  attains  to  12f.  Above  it  a  purplish  tint  begins  to 
DC  manifested,  at  least  if  dicumstances  be  fevoursible.  M.  Bkataib 
has  never  seen  it  begin  till  the  zenithal  distance  of  the  sun  is  equal  to 
96%  nor  remain  aftier  that  distance  has  become  less  than  93".  It 
forms  a  little  after  the  passage  of  the  crepuscular  curve  beyond  the 
zenith,  and  its  existence  does  not  last  many  minutes.  It  is  towards 
the  height  of  25**  that  this  rose-coloured  tint  presents  its  maximum  of 
intensi^,  and  it  does  not  get  beyond  the  height  of  45%  We  do  not 
observe  the  yellowish  fringe  which  separates  it  from  the  greenish 
region  situated  below.  The  tint  of  the  zenith  is  blue,  sometimes 
perhaps  slightly  tinged  with  green. 
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In  the  western  horizon  the  antiofepusadar  arc  is  traced  at  to> 
-war^  the  height  of  10<* ;  it  does  not  offer  as  yet  a  very  evident  red 
tint,  but  a  dark  bluishi  with  a  purplish  shade  more  or  less  decided. 
Below,  the  sky  seems  dear. 

6th.  Zenithal  distance  of  the  sun  92^  The  eastern  red  begms  to 
turn  yellow;  its  height  remains  the  same:  the  upper  limit  of  tiie 
yellowish  zone  is  still  equal  to  3"  or  3**  15'.  From  thence  to  the 
hdi^t  of  18",  a  more  intense  green  colouring  than  in  the  preceding^ 
periods ;  the  secondary  purplish  tint  has  entirely  disappeared. 

In  the  western  honzon,  tiie  height  of  the  anticrepuscular  arc  is  3^; 
the  oolouiing  in.  red  extends  from  3°  to  about  the  height  of  15^.  "Hie 
red  frfaige  often  presents  a  tint  of  violet,  or,  at  least,  a  purple.  Below 
the  anticrepuseular  arc,  we  have  never  been  able  to  discover  the  yel- 
lowish white  fringe  pointed  out  by  M.  Kaemtz  ;  but  the  blue  of  the 
Aj  ^ipeared  there  to  be  sometimes  slightiy  tinged  with  green,  pro- 
bahy  by  an  effeet  of  optical  contrast.  Above  this  red  zone,  the  usual 
bhie  imvails  without  any  other  perceptible  intermediate  tints. 

7th.  Zenithal  distance  of  the  sun  90*^.  The  sun  is  risen ;  his  disc 
and  tike  neighbouring  atmospheric  portions  frem^entiy  present  a  yel- 
lowish tint,  and  still  more  often  an  orange  tint,  "nie  orange  band  which, 
was  stationary  on  the  eastern  horizon  is  eflhoed ;  this  msappearanee^ 
whidi  has  beoi  as  slow  as  possible,  occurs  when  the  sun  has  attained 
the  zenithal  distance  of  89%  or  88^  30^.  The  yellow  remains  to  tiie 
height  of  3** ;  from  thenoe  to  3^,  being  distinct  green.  The  zenitli 
blue. 

On  the  opposite  side,  the  anticrepuscular  are  has  gained  the 
horizon,  tiie  red  tint  rises  to  the  heignt  of  4*  or  5*.  Tne  yellow* 
which  began  to  appear  above  when  the  zenithal  solar  distance  attained 
91^  now  rises  to  the  height  of  6*  or  7\  Above  the  yellow  a  little 
green  begins  to  appear. 

8th.  Zenithal  custanoe  ot  the  sun  88^.  The  red  has  entirdy  aban- 
doned the  eastern  horizon ;  the  yellow  alone  remains,  and  becomes 
weaker  and  weaker.  The  green  tint  surmounts  the  sun  and  extends 
to  ihs  height  of  about  35" ;  the  zenith  is  blue.  In  tiie  west,  the  red 
of  the  anticrepuscular  arc  has  completdy  disappeared;  the  yellow 
still  remains ;  its  upper  limit  does  not  pass  beyond  3°.  Hie  green 
which  surmounts  it  presents  its  maximum  of  intensity  about  5**  or  6* ; 
fhenoe  it  extends  towards  the  height  of  lOo,  or  even  b^rond ;  it  is  diffi- 
cult to  measure  the  hdght  of  the  point  c^  division  of  this  zone  with, 
the  blue  of  the  zenithal  part  of  the  sky. 

9th*.  Zenithal  distance  of  the  sun  86*.  The  ydlow  itself  has  dis- 
appeared ;  but  the  green  stiU  very  fr«quentiy  exists,  especially  in  the 
part  of  the  sky  opposite  to  the  sun :  this  last  vestige  of  erepuscular 
colouring  is  gradually  effaced. 

The  summary  we  have  just  made  presents  the  succesdon  of  colours 
only  in  tiie  vertical  plane,  which  indoses  the  centre  of  the  sun.  The 
colouring  of  the  sky  in  the  lateral  regions,  although  less  important  to 
know,  neverthdess  presents  some  peculiarities  worthy  of  notice. 
Thus  the  lines  which  separate  the  diflierent  tints  from  each  other 
de^ne  in  general,  in  proportion  as  they  recede  frt>m  the  sun's  vertical; 
hut  tills  rale  is,  however,  subject  to  some  exceptions.  The  points 
of  the  horizon  situated  at  9(r  fttim  the  intersection  of  the  sun's 
vertical  commence  being  coloured  a  littie  after  tiie  crepuscular  curve 
has  passed  beyond  the  zenith.  The  appearance  of  the  red  tints  in 
this  place  precedes  that  of  the  green,  which  surmount  the  latter.    Th» 
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UoM  of  separation  of  these  tints  are  less  elear  than  in  the  8nn*s  ver- 
tical ;  the  rose  colour  is  less  intense  there  than  in  this  same  vertical ; 
but  it  is  not  the  same  with  the  green  tints,  which  often,  on  these  two 
parts  of  the  sky,  have  a  more  marked  tint  than  the  green  of  every 
other  part,  at  least,  for  the  few  minutes  whieh  precede  the  rising  of 
the  sun. 

We  may  explain  the  observed  sueeession  of  all  these  tints  by 
admitting  that  the  passage  of  the  soUir  rays  through  strata  of  air 
that  are  suiBdently  thick,  gives  at  first  a  yellow  ccMour,  and  that  a 
more  prolonged  course  in  these  same  strata,  or  in  more  dense  strata, 
makes  the  orange  tint  finally  predominate.  This  double  mode  of 
eokrariag  is  not  contrary  to  the  laws  of  cities,  and  colour  transmitted 
by  a  eokMired  glass  often  changes  with  the  increase  of  its  thickness : 
we  maj  see  numerous  examples  of  it  in  Hsbschkll's  TreoHse  on 
Light  (vol.  i.  part  2).  These  effects,  which  are  well  known  to  philo- 
sophers, result  firom  the  fact  that  the  extinction  of  the  rays  of  the 
diSBrent  colours  that  compose  white  light,  does  not  follow  with  the 
same  rapiditv  for  all  these  rays.  The  green  tints  of  twilight  cannot 
be  attributed  to  the  effect  of  an  optical  contrast  produced  by  the  com* 
plementary  colour  of  green,  which  is  red.  The  two  following  fiKta 
give  the  proof  of  this.  The  red  tints  disappear  from  the  skv  as  soon 
as  the  sun  rises;  it  is  at  this  moment  tiiat  the  green  tmts  oftea 
present  the  greatist  intensity.  On  the  drcumforenoe  of  the  horixour 
where  a  curtain  of  mountains  rises  sufficiently  to  hide  from  the  sight 
cf  the  observer  the  red  zone,  which  is  always  very  low,  the  other 
tints,  yellow  or  green,  remain  as  usual,  and  surmount  the  line  of  the 
ridge  of  the  chaon,  without  the  presence  of  this  curtain  altering  their 
aatural  position. 

To  explain  these  greenish  tints,  it  is  not  necessary  to  admit  that 
the  gradation  of  tints  due  to  molecular  aerial  absorption  begins  with 
the  green ;  it  is  sufficient  to  take  account  of  the  blue  rays  reflected 
and  sent  back  to  the  eye  by  the  upper  strata  of  the  atmosphere,  and 
irhich,  in  their  course,  fixHsi  the  sun  to  the  reflecting  molecule,  have 
ealy  crossed  very  rarified  strata.  Under  this  pomt  of  view,  the 
green  zone,  both  eastern  and  western,  is  only  the  ocmtinuation  of  the 
3reUow  zone,  whose  normal  tint  is  litered  in  the  upper  half  by  the 
■dxtare  of  Uue  rays  arriving  in  a  sufficient  number  from  the  high 
regions  of  the  atmosphere,  and  which  have  experienced  a  much 
weaker  extinction  than  that  experienced  by  the  rays  proceeding  fh>m 
reflection  in  the  lower  strata  (see  the  Journal  VlnsHtui,  10th  year, 
p.  310).  We  then  easily  conceive  why  the  solar  disc,  at  ita  risixig, 
may  appear  orange,  yellow,  but  never  green.  However,  several  dr- 
cuDStances  are  yet  difficult  to  explain :  the  permanence  of  the  bhie  tint 
towards  tiie  zenitii,  the  white  tint,  which,  trom  the  summit  of  the 
coloured  zones,  extends  even  to  the  crepuscular  curve ;  and,  finally, 
the  appearance  of  rose  towards  the  height  of  30** ;  when  the  sun  is  at 
94*  mm  the  zenith ;  for  it  is  very  improbable  that  this  rose,  although 
very  feeble,  can  be  attributed  to  an  optic  contrast  produced  by  uie 
green  band  which  it  surmounta. 

Note  G,  p.  415. 

If  the  crepuscular  curve,  which  is  seen  to  set  in  the  evening  in  the 
-western  horizon,  about  an  hour  or  an  hour  and  a  half  after  sunset. 
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\7ere  really  the  result  of  the  mterseetion  of  the  cylinder  of  shades 
projected  by  tJie  earth  and  the  terminating  surface  of  the  atmosphere^ 
the  height  of  the  atmosphere,  vrhich  we  might  dedaoe  from  it,  would 
be  the  same,  whether  the  hour  of  observation  were  more  or  less 
advanced.  Now,  this  result  does  not  take  place ;  the  differences  of 
results  are  not  due  to  errors  of  observation ;  they  go  increadng  in 
proportion  as  the  sun  sinks  below  the  horizon  ;  the  numerous  obser- 
vations made  by  M.  Bkavais  on  the  Faulhom  lead  to  the  same 
consequences.  It  is  a  certain  proof  that  we  have  not  well  interpreted 
the  notion  of  the  crepuscular  curve :  the  hypothesis  with  which  we 
set  out  was  not  correct.  Thus  the  point  where  the  visual  ray  drawn 
from  the  eye  to  the  summit  of  the  crepuscular  curve  meets  the 
terminating  surface  of  the  atmosphere,  does  not  of  necessity  coincide 
with  the  point  where  the  solar  ray  tangent  to  our  globe  pierces  that 
surfece ;  it  is  either  nearer  to,  or  further  from  us,  t^n  this  last  point* 
Lambert,  and  after  him  M.  Biot,  have  thought  that  the  former  of 
these  two  suppositions  was  the  true  one,  and  that  the  crepuscular 
curve  corresponded,  not  with  this  outline  of  the  terrestrial  shadow, 
but  wi^  a  region  of  the  zone,  which  does  not  receive  the  direct  rays 
of  the  sun ;  in  a  word,  with  M.  Biox's  second  crepuscular  space,* 

It  however  appears  more  natural  to  admit  that  this  crepuscular 
curve  corresponds  on  the  contrary  with  tiie  zone  entirely  en^ghtened 
by  the  sun,  and  that  the  more  extreme  part  of  the  segment  disappean 
on  account  of  the  strong  absorption  which  the  rays  tangent  to  our 
globe  experience.  Whatever  may  be  the  position  of  this  point,  pro- 
viding it  is  always  placed  in  the  same  manner  with  regard  to  the 
crepuscular  segment,  we  shall  be  able  to  determine  it  exactiv  by 
making  one  or  two  observations  of  the  height  of  the  curve  made  in 
known  epochs.  Instead  of  considering  the  observer  as  motionlessy 
and  the  sun  as  descending  in  a  vertical  plane  and  drawing  along  with 
it  the  different  crepuscular  spaces  in  a  common  movement  of  rotation 
round  the  fixed  centre  of  tiie  earth,  we  may  equally  suppose  that 
the  whole  crepuscular  system  remains  immovable  in  the  atmosphere, 
and  that  the  spectator  removes  along  the  great  circle  obtained  by 
cutting  the  terrestrial  globe  by  a  plane  passing  through  its  centre, 
the  centre  of  the  sun,  and  the  eye  of  the  observer ;  the  phenomena  of 
twilight  are  produced  to  the  moving  observer  as  well  as  for  the 
fixed  observer  of  nature,  providing  the  arcs  traversed  in  a  given  time 
on  the  great  terrestrial  circle  represent  the  increases  of  t^  zenithal 
distance  of  the  sun. 

Every  observation  of  the  height  of  the  crepuscular  curve  then 
gives  a  trajectory  proceeding  from  a  determined  point  of  this  great 
drde,  and  all  these  tnyedpries  must  cut  each  other  on  the  top  of  the 
immovable  crepuscular  curve.  Thus,  in  this  manner  of  viewing  the 
subject,  we  determine  the  height  of  the  atmosphere  by  the  phenomena 
of  tiie  apparent  rotation  of  the  crepuscular  curve  around  the  observer, 
or  of  this  latter,  around  the  summit  of  the  curve,  independently  of 
the  consideration  of  the  rays  tangent  to  the  terrestrial  globe. 

In  discussing  under  this  point  of  view  the  observations  of  twilight 
made  on  the  summit  of  the  Faulhom,  M.  Bravaib  found  they  were 
very  accurately  represented  by  admitting  that  the  summit  of  the 
crepuscular  curve  was  situated  115,000  metres  above  the  level  of  the 
sea,  and  on  the  prolongation  of  a  terrestrial  ray,  which  would  make, 

*  Hfimoires  de  TAcad^mie  des  Seienoes,  t.  xtU. 
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with  tbe  ray  drawn  to  the  centre  of  the  BuUf  an  an^  of  95*  68' ;  so 
that  the  passage  of  the  crepuscnlar  cnrve  to  the  zeni&  of  the  observer 
may  take  place  at  the  time  when  the  aenithal  distance  of  the  snn  is 
eqnal  to  this  latter  angle.  As  to  the  setting  of  the  same  cnrve  in  the 
western  horizon,  the  same  calcolationa  prove  that  it  will  take  place 
when  the  zenithal  distance  of  the  sun  shall  equal  107*. 

Finally,  the  following  are  the  numbers  whence  these  results  tttt 
derived.  For  more  prwision,  the  twenty-one  original  observatioaa 
have  been  grouped  in  threes,  and  we  only  give  here  the  mean  ot  each 
of  these  ternary  groups.  The  first  column  represents  the  zenithal 
distance  of  the  sun ;  the  second  column,  tiie  height  of  tiie  curve  above 
the  horizon,  corresponding  with  this  zenithal  distance  :— 

ZBNITHAL  DISTANCES  OF  THK  SUN  AND  C0RRSSP0NOIN& 
HKIOHT  OF  THE  CREPUSCULAR  CURVE. 


95o49',9 

+ 

75»23' 

97  11,5 

+ 

44  8 

99  54,9 

+ 

13  0 

100  43  ,8 

+ 

10  45 

101  43,9 

+ 

7  34 

103  46,7 

+ 

4  53 

106  14,1 

— 

0  30 

M.  Bravais  has  calculated  in  the  same  manner  the  observations 
made  by  Lambert,  at  Angsbourg,  19th  November,  1759;  he  has  ob- 
tained a  still  more  considerable  bright,  one  equal  to  160,000  metres. 

According  to  these  numbers,  the  crepuscular  curve,  sudi  as  we  see 
it,  would  correspond  with  the  first  crepuscular  space ;  that  is  to  say, 
with  a  region  of  the  atmosphere  direcuy  illuminated  by  the  sun,  and 
even  the  rays  which  illummate  this  space  would  still  appear  80,000 
metres  above  the  earth;  thus,  every  ray  tangential  in  the  strata 
of  the  atmosphere  at  a  vertical  elevation,  less  than  80,000  metres, 
would  again  experience  a  very  considerable  absorption,  and  one  sufii- 
dent  to  prevent  it  from  attaining  the  surface  of  egress  from  the  atmo- 
spheric medium.  This  result  appears  too  much  opposed  to  what  we 
know  of  the  law  of  the  diminution  of  densities  in  the  atmosphere  to 
be  admitted.  It  therefore  appears  probable  that  the  supposition  we 
have  just  adopted  is  itself  incorrect ;  and  that  the  limit  m  shade  and 
light  does  not  correspond  with  a  fixed  and  determined  point  of  the 
crepuscular  segment,  but  that  it  removes  according  to  the  relative 
position  of  the  observer. 

In  this  new  point  of  view,  the  problem  of  the  determination  of 
the  height  of  the  atmosphere  by  the  phenomena  of  twilight  becomes 
very  complicated.  We  must  determine,  indeed,  by  calculation,  the 
intensity  of  the  light  of  the  different  lumbious  arcs  tiiat  compose  the 
vertical  circle,  wluch,  when  produced,  contains  the  sun  ;  to  compare 
these  results  of  calculation  with  those  of  observation,  so  as  to  deduce 
the  value  of  certain  constants,  such  as  the  coeflldent  of  the  absorption 
of  liffht  by  the  air;  those  of  reflection  under  different  incidences ;  that 
whldi  would  determine  the  law  of  the  decrease  of  the  density  of  the 
air,  See,  and,  finally,  the  height  of  the  atmosphere  itsdf.  This  point, 
which  we  judge  to  be  the  summit  of  the  crepuscular  curve,  will  be 
that  where  the  intensity  ol  light  will  change  with  the  greatest  rapi- 
dity, and  the  condition  of  a  maximum  in  the  rapidity  of  the  chang^g 
would,  in  like  manner,  serve  to  the  solution  of  the  problem. 
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ObsenratkMis,  folknred  out  for  a  long  period,  on  tke  phnnes  of  tlie 
TCtntion  of  the  erepoacnlar  carve  fitnn  the  senith  to  the  horiaon* 
photometric  atmospheric  aaeBBiireDients,  ooatparisons  between  tihs 
oriUiuicy  of  the  dinent  regions  of  the  atmosphere,  and  that  cf  the 
stars  of  Tarions  brilEnncies  as  seen  throvgh,  and  more  complete  nctioBS 
on  the  hiw  of  the  decrease  of  the  density  of  the  aerial  strata  wiD^ 
perhaps,  one  day,  permit  ns  completely  to  solve  these  delicate  qoes- 
tions  on  meteorological  optics. 

Let  OS  add  that  the  ohservations  on  the  edipaes  of  the  moon,  tibat 
the  phenomena  which  art  produced  at  the  entrance  of  this  lammarf 
into  the  riiadow  of  the  eartii,  prove  that  the  height  of  our  atmosphere 
is,  at  least,  equal  to  80,000  metres ;  thus  the  he^t  of  115,000  metnt 
is  not,  pcrfai^,  so  exaggerated  as  we  might  have  been  tempted  to 
beheve,  after  the  opinion  of  some  learned  physidans. 

We  have  not  spoken  of  the  aa/^crqwtcBJar  oorre ;  the  laws  of  the 
evolution  of  this  last  are  different  firam  those  which  preside  at  the 
evolution  of  the  preceding  one.  If  we  combine  together  in  pairs  tibe 
luminous  trajectories  wMch  unite  the  curve  to  the  moving  observer, 
we  find  that  they  intersect  each  other  at  greater  distances  firom  the 
sur&ce  of  the  earth,  in  proportion  as  the  anticrepuacular  curve  itsdf 
gains  height,  and  the  counion  of  all  these  tangent  traiectories  engenders 
a  closed  curve,  which  turns  its  convex  side  towards  the  ground,  and 
which  separates  the  luminous  aerial  region  from  the  dark  region.  The 
rotation,  also,  of  this  carve  from  the  eastcni  horiaon  to  the  aenitii  is 
much  more  speedy  thsn  that  of  the  crepuscular  curve  descending  fron 
the  zenith  to  the  western  horiz<tt.  Under  the  equator,  at  the  time 
of  the  equinoxes,  twenty -two  minutes  is  sufficient  for  it  to  attain  the 
zenith,  whilst  it  employs  double  the  time,  forty-four  minutes,  to 
descend  again  from  the  zenith  to  the  horizon.  We  wiU  not  speak 
here  in  forther  detsil  upon  the  anticrepuscular  curve,  seeing  tiiat  it 
has  not  been,  like  the  preceding,  employed  in  the  measurement  of  the 
height  of  the  atmosphere. 
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THE  FIGUBE8  OF  THE  APPENDIX. 


ORAPHICAIi  REPBE8BMTATXON  OF  JmAVTB  WITH 

TWO  VARiABiaES. — The  coDstmction  of  plane  curves 
has  been  for  a  long  time  snccessfully  employed  to  repre- 
sent  the  mutnal  dependence  that  may  exist  between  two 
variable  quantities.  The  determination  of  a  curve  of  this 
kind  is  easily  made.  Starting  from  a  fixed  point,  we  set  off 
on  a  straight  line,  lengths  proportional  to  the  arbitrary 
values  given  to  one  of  the  two  quantities;  from  the  ex- 
tremity of  each  of  these  lengths,  we  draw,  parallel  to  a 
constant  direction,  making  a  certain  angle  with  the  former, 
other  lengths,  proportioxud  to  the  corresponding  values  of 
the  other  variable ;  we  then  draw  a  continuous  line  through 
the  extremities  of  these  straight  lines,  which  must  be  suf- 
ficiently near  together  for  this  purpose. 

The  first  di^ances,  calculated  from  the  fixed  point,  are 
called  abscissa;  the  lengths  measured  parallel  to  one  fixed  di- 
rection, and  through  die  extremities  of  which,  the  curve  passes, 
are  ordinates.  The  name  of  eo'crdhudes  is  applied  equally 
to  the  absdssse  and  the  ordinates.  The  startmg  point  on 
the  straight  Une  of  the  abscissas  is  the  or^in  of  {he  cO' 
ardmeJes,  This  straight  line  bears  the  name  of  the  axis  of 
the  abscissa ;  the  axis  of  the  ordinates  is  that  drawn  through 
the  starting  point,  ponulel  to  the  constant  direction  of  tne 
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OTdinates.     Generally,  for  more  simplicity,  axes  of  rect- 
angular co-ordinates  are  taken. 

Let  us  propose,  as  a  first  example,  to  construct  the 
curve  expressing  the  connexion  between  the  different  months 
of  the  year,  setting  out  from  the  month  of  March,  and  the 
corresponding  mean  temperature  for  the  18th  hour  at  Halle. 

The  law  of  the  mutual  dependence  between  the  epoch 
of  the  year  and  the  temperature  of  a  given  hour  of  the  day 
at  Halle,  is  contained  in  the  numbers  given  by  the  different 
lines  of  the  table,  page  15. 

Let  us,  therefore  XApp.pl.  i^Jig.  1,  hH)^  take  two  rectangu- 
lar axes  of  co-ordiuates,  A  x  and  A  y.  Let  us  set  off  on  the 
axes  of  the  abscissae  A  x,  twelve  equal  intervals,  the  extremities 
of  each  of  which  represent  one  of  the  months  of  the  year, 
excluding,  on  account  of  the  smallness  of  the  scale,  the  ine- 
quality that  reallv  exists  between  the  lengths  of  the  months. 
Let  us  take  paralld  to  A  ^,  beginning  from  its  extremities, 
lengths  proportional  to  the  temperatures  given  in  the  table 
for  the  18th  hour  of  the  corresponding  months.  Finally, 
let  us  join,  by  a  continuous  line,  the  extremities  of  these  oo^ 
ordinates,  and  we  shall  have  a  curve  m  n  />  9,  which,  if  it  is 
constructed  on  a  proper  scale,  may  supply  the  place  of  the 
numbers  correspondmg  to  the  18th  hour  in  the  table  of 
page  15,  and  which,  moreover,  will  have  the  advantage,  that 
the  isolated  numerical  results  of  this  table  have  not,  of 
bringing  forth  the  law  of  increase  or  decrease  of  temper- 
ature according  to  the  months,  for  the  18th  hour  at  Halle^ 
in  a  prominent  manner.  The  rapidity  of  these  changes  evi- 
dent^ depends  on  the  inclination  of  tne  tangent  to  the  curve 
at  different  points. 

We  have,  moreover,  been  careful  to  calculate  hdovi  the 
axis  of  the  abscissae  the  ordinates  corresponding  to  temper- 
ature below  zero,  (indicated  by  the  sign  — ).  Hence  it  is 
that  the  arc  ^  of  the  carve  is  below  h  x, 

OONSBQUSNOBS  OF  THIS  RBPRB8SNTATION. — 

The  continuity  of  the  line  mnpg  gives  the  curve  another 
|iarticular  advantage  over  isolated  numerical  results.  Sup- 
pose, indeed,  that  the  numbers  of  the  table  of  page  15  are 
applied  to  a  mean  of  observation  made  on  the  Ist  of  each 
month.  We  have  but  to  divide  properly  the  interval  be- 
tween the  extremities  of  two  consecutive  absdase,  and  to 
measure  the  ordinate  of  the  point  of  division,  in  order  to 
obtain,  with  an  approximation  that  is  frequently  quite  suf- 
ficient, the  temperature  ooneaponding  to  a  given  date  for  tho 
18th  hour  of  the  day. 

Thus,  the  length  of  the  ordinates  that  &11  at  one»  iwo^ 


APPENDIX.  507 

three,  and  four-fifths  of  the  interral  hetween  two  consecu- 
tive ordinates,  will  shew  the  temperatures  of  the  18th  hour, 
for  the  6th,  12th,  18th,  and  24th  of  the  month,  the  name  of 
which  corresponds  with  the  ordinate  at  the  left. 

Let  us  now  propose  to  know,  hy  constructions  effected 
dn  our  figure,  tne  period  of  the  year  at  which  the  mean 
temperature  hetween  all  the  monthly  temperatures  takes 
place  for  the  18th  hour.  This  mean,  as  we  know  (p.  13), 
18  equal  to  the  sum  of  the  observed  temperatures  divided  by 
their  number.  Now,  if  we  admit  that  the  observations  ore 
sufficiently  close  together  for  the  intermediate  ordinates  to 
be  the  exact  representation  of  the  temperatures  observed  at 
the  corresponding  periods,  the  length  of  the  ordinate,  re- 
presenting the  mean  temperature,  will  be  what  is  called  in 
geometry  the  mean  distance  of  all  the  points  of  the  curve 
mnpq  from  the  axis  of  the  abscissae ;  a  distance  which  is 
the  same  as  that  of  the  centre  of  gravity  of  the  outline  of 
this  curve. 

If  we,  therefore,  determine  mechanically  the  position  of 
this  centre  of  gravity,  its  distance  from  the  axis  of  the  ab- 
scissse  will  make  known  the  mean  temperature;  and  the 
position  of  the  ordinates  equal  to  this  distance  will  determine 
the  periods  of  the  year  at  which  this  temperature  takes 
place. 

These  conditions  are  sufficient  to  shew  the  principal  ad- 
vantages of  the  graphical  representation  of  a  law  connecting 
one  variable  quantity  with  another.  Among  the  natural 
laws,  resulting  from  observation,  we  may  quote  those  of 
mortality  as  offering  matter  for  the  most  curious  and  useful 
appreciations  deduced  from  the  construction  of  curves.  The 
dSrect  determination  of  certain  ordinates,  points,  and  centres 
of  gravity  of  certain  segments,  serves  for  tne  investigation  of 
probable  Hfe,  mean  life,  and  the  mean  age  of  the  popul- 
ation, &c. 

GTRAPRl CAL  REPRZS8CNTATI6N  OF  taAWB,  WITH 

^fiR£ls  TTARiABXiES.— It  is  easy  to  foresee  that  the  gra- 
phical representation  of  laws  containing  three  variable  ele- 
ments, one  of  which  may  be  considered  as  depending  on  the 
other  two,  would  present  no  less  interest  than  that  which  is 
applied  simply  to  two  elements.  Now,  two  co-ordinates  deter- 
mine the  position  of  a  point  on  a  plane :  every  point  of  a  plane 
may,  therefore,  be  considered  as  corresponding  to  the  known 
-values  of  the  first  two  variable  elements.  If,  then,  we 
ima^e  that,  at  each  of  the  points  in  this  plane,  a  perpen- 
dicular is  raised  proportional  to  the  value  determined  for 
the  third  element  by  those  of  the  abscissa  and  ordinate  at 
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the  foot  of  the  perpendicular,  the  upper  extremity  of  the 
latter  will  be  a  point  of  which  this  construction  vnll  deter- 
mine the  exact  position  in  space. 

Supposing  a  perfect  continuity  between  the  positions  of 
all  the  points  thus  determined,  we  readily  see  that  they  are 
placed  on  a  curved  surface,  the  form  of  whidi  is  very  fit  to 
be  depicted  to  the  eve,  and  to  bring  out  the  principal  pro- 
perties of  the  natural  law  with  three  variable  elements  that 
we  have  desired  to  represent. 

Although  the  establishment  of  a  curved  surface  of  thi» 
kind  seems  to  require  the  three  dimensions  of  space,  we 
possess  a  notation  as  simple  as  it  is  expressive,  by  means  of 
which  it  is  easy  to  replace  the  constructions  that  we  have 
just  indicated  in  space  by  others  effected  on  a  plane  surface. 

Let  us  imagine  that  we  have  drawn  divers  planes  equi- 
distant from  each  other,  parallel  to  the  plane  on  which  we 
calculate  our  first  two  co-ordinates.  These  planes  will  cut 
the  curved  surface  in  question  according  to  certain  curves^ 
called  contour  lines  of  elevation  (li^fnes  de  niveau,  Fr.),  the  form 
of  which  will  be  eminently  suitea  to  give  an  idea  of  the  sur- 
face. Now,  in  order  to  preserve  these  curves  exactly  of  the 
natural  size,  and  as  much  as  possible  in  their  relative  positions, 
we  have  merely  to  project  them  parallel  to  each  other  on 
the  plane  of  the  first  two  co-ordinates ;  then,  b^  attaching  to 
each  of  them  a  number  or  index  (cote,  Fr.),  mdicating  the 
height  of  tbe  cutting-plane,  by  which  it  has  been  deter- 
mined, we  shall  have,  on  a  single  plane,  all  the  elements 
necessary  if  we  desired  it,  to  estabhsn  the  curved  surface  on 
which  they  were  traced. 

Fig.  1  gives  an  interesting  example  of  a  representation 
of  this  kind.  The  obiect  was  to  depict  to  the  eye  the  curved 
surface,  whose  vertical  ordinate  expresses  the  mean  temper- 
ature corresponding  to  a  certain  hour  of  the  day  and  a 
certain  month  of  the  year.  The  months  were  first  counted 
off  on  the  axis  of  the  abscissae,  and  the  hours  on  the  axis  of 
the  ordinates.  We  drew,  through  the  points  of  division  of 
each  of  these  axes,  right  lines  parallel  to  each  other ;  we 
then  imagined,  on  each  of  the  smnmits  of  the  squares  formed 
by  the  mutual  intersection  of  these  lines  a  perpendicular  to 
the  plane  proportional  to  the  number  given  in  the  table  of 
p.  15,  for  the  temperature  of  the  month  and  the  hour,  that 
determines  the  position  of  this  summit.  Finally,  we  pro- 
jected on  the  plane,  parallel  to  each  other,  the  curves  of 
equal  temperature,  determined  on  the  surface  which  should 
pass  through  all  the  extremities  of  these  perpendiculars  in 
planes  parallel  to  the  former,  drawn  at  distances  fiK>m  the 
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latter,  respectively  equal  to  those  which,  on  the  third  co- 
ordinate of  the  surface,  represent  1,  2,  3  . . .  degrees  above 
or  below  zero.  The  indices  (or  numbers  assigned  to  the 
cnrves)  are  positive  for  sections  made  above  the  primitive 
I>lane,  and  negative  (indici^ed  by  the  sign  — )  for  ihe  sec- 
tions made  below. 

This  process  is  altogether  the  same  as  that  which  is  em- 
ployed for  painting  to  the  eye  elevation  of  land  on  topo- 
graphical plans,  carefiiUy  raised  and  traced  out.  The 
minutes  or  the  new  map  of  France  by  the  officers  of  the 
staff,  and  charts  on  a  large  scale  to  serve  projects  of  forti- 
fication, sometimes  even  j^ans  of  roads  ana  canals  are  co- 
vered with  indices,  and  possess  the  traces  of  the  contour 
curves  of  the  elevation  or  the  ground. 

OENBRAIi  PROPSRTXB8  OF  PXiANBS  EXPRS8B- 
INO  NATURAL  XiAlKTS,  VnTU  THREE  VARIABZA8. — 

It  is  evident  that  this  graphical  representation  in  relief, 
which  expresses  the  law  of  the  variations  of  one  element 
dependent  on  two  others,  will  be  possessed  of  properties 
entirely  analogous  to  those  of  isolated  curve  lines,  such  as 
fnjnp  q  (App'  J^'  ^»fig'  1  *«*)• 

'  Thus,  ii  it  18  constructed  on  a  suitable  scale,  it  will  give 
the  same  results  as  the  table  of  p.  15. 

If,  for  examplci  we  desire  to  Imow  the  mean  temperature 
of  the  month  oi  August  at  6  p.m.  ;  we  follow  the  ordinate 
of  the  month  of  August  until  it  meets  the  absdsss  passing 
through  six  o*clock ;  the  point  of  intersection  falling  sen- 
fiibly  on  the  curve  whose  index  is  20,  we  hence  conclude 
20®  for  the  temperature  sought  after.  The  numeric  table 
gives  19%95. 

In  the  same  manner  we  find  that  the  point  correspond- 
ing to  9  P.M.  and  to  the  month  of  July,  falls  between  the 
curves  indexed  17  and  18^  at  about  4  of  the  interval  sepa- 
rating them ;  we,  therefore,  take  17  ,8  as  the  temperature 
sou^t.    The  table  gives  17'',88. 

Then  the  undulations  of  the  surface  are  perfectly  ex- 
pressed by  those  of  the  contour  curves,  so  that  the  mere 
inspection  of  the  latter  acquaints  us  with  all  the  circum- 
stances of  the  variation  of  temperature,  at  the  different 
hours  of  the  day,  and  at  the  different  periods  of  the  year. 
According  as  these  curves  approach  or  recede,  they  denote 
greater  or  less  variations  of  temperature,  in  the  order  per- 
pendicular to  their  direction.  When  they  close  around  a 
certain  region  they  indicate  a  culminating  point  or  hollow 
(jsncuvement^  Fr.)  m  this  region ;  when,  on  the  other  hand, 
they  open  in  a  contrary  direction,  they  indicate  a  depression 
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and  valleys,  &c.  a  pass  in  ^n  eleyaticm-liiie  (col  dan$  un^ 
ligne  defdite,  Ft.), 

It  is  easy  to  see  that  the  eulmin^ting  point  of  the  surfiuse 
represented  in  figure  1  is  about  the  month  of  Jul^  at 
9  P.M. :  it  is  an  cisokite  maximum.  The  lowest  point  is  in 
January,  between  the  18th  and  19th  hours  (6  and  7  i..M.) 
This  point  is  the  bottom  of  a  hollow :  it  is  an  absolute  rnxm^ 
mum.  Between  1  and  2  p.m.  in  January,  is  a  pass  whieb 
indicates  a  relative  mhdmum  to  the  longitudinal  eleyation* 
line,  comprised  between  2  and  3  o'clock,  and  a  relative  maxih 
mum  to  tne  thalwegs  or  bottom  of  the  valley,  nearly  coxre* 
aponding  to  the  month  of  January.  Between  Julv  and 
August,  about  the  15  th  hour,  is  another  pass,  whick  is  a 
relive  maximum  to  the  longitudinal  elevation-line,  pi^vailv 
ing  about  the  15  th  hour,  and  a  relative  mimmum  to  the 
transverse  elevation-line,  which  nearly  follows  the  \im^  of 
the  month  of  July. 

If  we  further  suppose,  as  we  have  already  done  fw  the 
curve  mnpq,  that  tne  numbers  of  the  table  at  p.  15  ara 
applicable  to  the  mean  of  observations  made  on  the  first  of 
eadi  month,  we  may  employ  figure  1  to  obtain  a  view 
inthout  calculation,  of  the  temperatures  corresponding  to 
any  moment  whatever  of  the  day,  and  at  any  date  oi  tbf 
year. 

So,  also,  the  position  of  the  eentre  of  gravity  of  the 
eurved  surface  in  figure  1  will  serve  to  shew  the  contour  lin^ 
corresponding  to  all  the  moments  o£  equal  temperature  j^ 
the  year. 

Finally,  if  we  unite  by  continuous  Unes  the  suecession  of 
points  of  contact  of  the  contour  curves  ynth  tangents  parallel 
to  the  ordinates  and  abscissae,  we  shall  have  the  projections 
of  the  iucUnation'linee  (Ugnee  depente^  Fr.^  perpend  Lculaf 
to  the  axes  of  the  co-ordmates.  Tne  first  will  make  known 
the  succession,  according  to  the  season,  of  the  hours  of 
the  day  at  which  the  diurnal  maximum  and  rnvmnum 
take  ]>laee;  the  second  marks  the  periods  of  the  year 
at  which  the  maa^owm  and  mimmum  for  each  hour  ai^ 
produced. 

These  properties  are  very  general,  and  have  their  ana^r 
logies  in  aU  graphical  representations  of  the  same  kind. 

We  must  here  make  an  essential  observation.  The 
monthly  means,  (»dculatod  by  M.  Kaemts,  applv,  in  ret 
ality,  not  to  a  eiven  day  of  the  month,  but  to  the  entire 
month.  So  that  we  cannot,  on  the  graphic  ooa« 
structions  deduced  from  the  tables  of  this  autnor,  rigors 
pualy  follow  out  the  consequences  resulting  from  the  pro* 
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Imble  contintiity  of  the  results  between  observations  made  at 
periods  sufficiently  close  toeetber.  We  require,  tbereibre» 
m  order  ibat  tbe  curves  of  our  figure  1  should  really  eive 
the  temperatures  of  the  day  corresponding  to  a  given  &te^ 
two  conditions,  which  the  data  ana  constructions  on  whidi 
we  have  operated  do  not  satisfy,  namely  :•*- 

Ist  That  we  should  know  exactly  the  date  of  the  day 
of  the  month  on  which  the  diurnal  mean  is  equal  to  the 
monthly  mean : 

2d.  That  the  intervals  marked  oft  between  the  montb}f 
lines  on  the  figure  should  be  proportional  to  the  lapse  of 
time  that  had  occurred  between  the  dates  of  the  days  oor» 
responding  to  the  monthly  means;. 

Admittmg,  as  we  have  done,  m  order  to  explain  thd 
consequences  dedudble  from  the  establishment  of  our  in* 
dexed  planes,  that  the  monthly  mean  ftlls  exactly  on  the 
same  date  each  month,  we,  therefbrcy  commit  931  error,  to 
which  we  direct  the  attention  of  meteorologists^  who  may 
be  tempted  to  apply  our  graphical  constmcUans.  It  is  tnie 
that,  <m  a  small  scue,  the  error  eonmdtted  in  the  appredsi- 
tion  of  the  genend  range  of  the  results  will  not  be  very 
considerable,  when  we  suppose  the  monthly  mean  fidfing  A 
the  middle  of  each  month ;  but,  since  our  object  is  to  obtain 
accurate  results,  this  hypotheflis  can  no  lonser  be  admitted^ 
and  we  must  necessaniy  come  to  the  exact  determination  of 
the  time  of  the  month  at  which  the  mean  occurs.  Kow^ 
for  this  purpose,  we  must  necessarily  group  together  dos^ 
occuring  observations ;  every  three  days  at  least,  and,  per- 
haps, even,  to  be  accurate,  every  day. 

Whatever  be  the  plan,  we  are  convinced  that  the  graphie 
representation  of  natural  or  mathematical  laws  with  three 
variables,  that  the  substitution  of  indexed  planes  for  nnme* 
xical  tables  with  a  double  entry  is  a  ferme  idea,  that  wiU 
not  fiul  in  bearing  fruit. 

When  meteorologists,  phOosoplieni^  and  engineers,  shall 
beeome  familiar  with  the  emplovment  of  this  process,  they 
will  be  in  a  better  condition  mr  diseussbg  the  results  of 
thdr  experiments,  of  directing  their  researches,  of  simpliMng 
their  calculations,  than  if  they  operate  direct^  on  numbers^ 
whose  mutual  dependence  is  not  always  easily  recognisable^ 
or  which  is  obtained  by  complicated  operations. 

The  figures  of  the  Apfxndix,  that  have  been  so  eon« 
Btmeted  according  to  the  notation  of  indexed  planes  with 
rectangular  co-orainates,  are  those  numbered^  1,  4,  7,  8,  9, 
12, 18,  and  32 ;  the  numbers  4  bts^  17  and  31  bis,  are  planes 
of  curveg  of  equal  element,  but  not  indexed,  and  of  polar 
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co-ordinates  {Vide  the  ezplanatioa  that  follo^re,  p.  516,  el 
seq.) 

OSNB&AZi   PROCESB   FOR  THE  COMSTRUCTIOlf 

OF  INDBZBD  PiiANBS. — It  remains  to  explain  the  pio- 
0688  by  which  we  may  deduce  the  constmction  of  the  contour 
carves  of  figure  1,  firom  the  numerical  raults  of  the  table 
on  p.  15. 

Suppose  we  cut  the  curved  surface  of  which  we  desire  to 
trace  tne  level  curves  by  a  succession  of  planes  drawn  per- 
pcaidicular  to  the  plane  of  projection,  along  the  riffht  fines 
corresponding  to  tne  different  nours  of  the  day.  The  inter- 
sections of  these  planes  with  the  surface  will  be  no  other 
than  the  curves  amon^  which  mnpqia  found,  and  which 
express  the  annual  variation  of  tempeniture  at  the  different 
hours  of  the  day.  The  points  where  the  contour  curves  meet 
these  first  curves  are,  therefore,  projected  on  the  hour-linei^ 
drawnparallel  to  the  line  on  which  the  months  are  marked 
off.  Tnus,  in  order  to  have  the  points  of  projection  of  the 
different  contour  lines  on  the  rignt  line  or  the  18th  hour, 
pla^  at  the  top  in  our  figure  1,  we  must,  in  figure  1  hig^ 
draw  a  succession  of  right  Imes  parallel  to  il  x,  at  intervals, 
representing  a  degree ;  and  project  on  the  light  line  18,  as 
is  done  on  tne  figure  by  means  of  dotted  lines,  all  the  pointB 
at  which  the  curve  m  n  p  o  ia  met  by  one  of  the  lines 
parallel  to  Ax.  The  rank  or  the  parallel  above  or  below 
2ero  gives  the  index  of  the  contour  hue  to  which  each  of  these 
points  belongs. 

As  we  can,  also,  by  means  of  the  numbers  on  p.  15, 
construct  twenty-three  other  curves  analogous  at  m  n  o  ^, 
it  is  easy  to  obtam  all  Uie  points  of  the  different  contour  lines 
for  the  24  hourly  lines. 

But  there  are  a  certain  number  of  these  lines  which 
must  close  between  two  consecutive  hourly  lines;  we  must, 
therefore,  in  the  case  before  us,  by  means  of  the  column 
referring  to  the  month  of  July  in  our  table,  also  construct 
the  curve  of  diurnal  variation  represented  in  figure  I  ter; 
and  carry,  on  the  monthly  line  of  July,  as  we  have  done  by 
dotted  lines  parallel  to  the  hourly  lines,  fresh  points  of  the 
contour  curves.  Thus,  we  have  b^n  able  on  figure  1  to  close 
all  those  which  ought  to  be  closed. 

This  process  ofconstruction  is  very  simple ;  it  is  founded 
on  the  ordinary  methods  of  descriptive  geometry,  and  is, 
also,  very  general.  We  have  applied  it  to  the  construction 
of  all  those  of  our  figures,  except  one,  which  represent  sur- 
faces, characterised  by  their  contour  lines. 

For  fig.  9,  we  have  substituted,  for  the  hourly  curves 
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polygons  inscribed  in  these  curves;  and  we  have  thus  been 
able  to  determine  by  simple  mles  of  three,  the  points  at 
which  the  projection  of  each  contour  curve  cuts  the  hourly 
right  lines. 

DXFFERBNT  SYSTEMS  OF  CO-ORDINATES  TO  BB 

EMPZiOYED  FOR  INDEXED  PiaANES.— The  graphical 
representation  of  curved  sur&ces,  by  means  of  the  projec- 
tions of  their  contour  lines,  is  not  confined  to  the  system  of 
reetan^lar  co-ordinates  that  is  generally  used.  This  is  only 
a  particular  case  of  a  more  general  notation,  in  which,  what- 
ever system  of  co-ordinate  may  be  adopted,  we  could  trace 
on  any  surface  whatever  the  orthogonal  or  polar  projection 
of  the  curves  that  correspond  to  the  same  value  of  the  third 
co-ordinate. 

When  we  have  to  consider  notative  or  periodical  elements, 
such  as  the  directions  of  the  winds,  on  the  24  hours  of  the 
day,  we  may  find  advantage  in  certain  cases  in  adopting 
polar  co-ordmates.  For  example,  suppose  we  wish  to  express 
graphically,  for  a  certain  place,  the  duration  of  each  oi  the 
winds  that  blow  during  the  twelve  months  of  the  year. 
We  should  trace,  around  a  certain  point  (o«2e  fig.  4  ter)^ 
four  lines  mutually  inclined  to  each  other  at  half  a  right 
angle ;  then,  on  their  directions,  which  refer  to  the  ei^ht 

Enncipal  points  of  the  compass,  we  shall  calculate,  startmg 
:om  tne  central  point,  lengtns  proportional  to  the  duration, 
of  these  winds.  On  joining,  by  a  continuous  Ime,  the  extre- 
mities of  the  right  lines  thus  measured  for  the  same  month, 
we  have  merely  to  place  the  name  of  the  month  beside  each 
of  the  twelve  curves  thus  constructed,  in  order  to  have  tlie 
graohical  representation  in  (question.  But  this  system, 
whue  inferior  to  that  in  which  we  take,  as  rectangular 
co-ordinates  of  the  plane  of  projection,  the  monthly  intervals 
and  the  duration  of  the  winds  (vide  fig.  4  Ms)^  wnich  would 
give  monthly  curves  less  confused  than  the  preceding,  is 
still  more  so  to  that  system,  in  which  the  rectan^lar  co-or- 
dinates are  the  months  and  the  points  of  the  winds,  whence 
result  the  curves  of  equal  duration  of  the  wind. 

Moreover,  we  might  easily  obtain  a  graphical  delineation 
analogous  to  that  of  fig.  4,  but  simply  with  the  polar  co-or- 
dinates. For  this  purpose,  we  have  merely  to  calculate  the 
points  of  the  wind  as  longitudes,  and  the  monthly  intervals 
as  latitudes,  either  on  a  sphere,  or,  better  still,  on  a  right 
cone,  the  axis  of  which  would  coincide  with  that  of  the 
eauator,  on  which  the  points  of  the  wind  were  measured. 
Tnen  contour  curves  analogous  to  those  of  fig.  4,  would  be 
traced  among  the  diverging  lines  and  concentric  circles, 

z2 
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vhioh  woul4  supply  the  place  of  the  reetangolar  Bquarea  of 
^his  figure. 

ANTSRIOR  XiABOUBS   ON  THB  8AMB  BUBJBOT. 

— ^The  first  idea  of  the  graphical  representation  of  the  relief 
0f  the  globe,  by  means  of  indexed  coijitour  of  elevation 
curves,  appears  due  to  Da  OariA^  of  Greneva,  who  proposed 
to  the  Academy  of  Sciences,  in  1771,  to  apply  it  to  geognb« 
phical  charts. 

M.  de  Humboldt  was  then  the  first  who  thought  of 
uniting  on  the  sur&ce  of  the  globe,  by  continuous  curves^ 
pther  points  than  those  that  are  found  at  the  same  level 
above  the  ocean.  The  analogy  of  his  isothermals  (vide  p. 
195),  with  the  application  that  we  make  to  meteoxologk^kl 
laws,  is  manifest.  The  difference  consists  merely  in  that  the 
isothermals  are  applied  to  points,  the  existence  of  which  on 
tiie  surface  of  the  terrestrial  globe  is  real ;  whilst  the  cujnrea 
of  the  equal  duration  of  the  winds  in  the  same  place,  during 
the  dififerent  seasons  of  the  year,  are  applie<l  to  points, 
whose  position  on  a  plane,  or  a  sphere,  or  a  cone,  has  been 
determined  by  pure  convention,  by  a  particular  choice  of 
co-ordinatea  to  represent  two  variable  elements. 

We  have,  therefore,  reason  to  be  astonished  that  this  in- 
ffenious  idea  of  the  illustrious  scholar,  who  haa  attached 
Eis  name  to  the  perfection  of  almost  all  the  sciences,  has  not 
taken  a  wider  range,  and  has  not  been  generally  applied  ta 
the  results  of  the  physics  of  the  globe,  and  of  meteorology. 
For  only  one  step  was  required  to  pass  from  the  idea  of 
isothermals  to  curves  of  equal  element^ — those  of  which  we 
have  just  exposed  the  theory.  It,  moreover,  appears,  that 
M.  Plobertj  commander  of  a  corps  of  artillery,  has  used  the 
notation  of  indexed  planes  since  1825,  to  verify  balistic 
tables;  ihQ gunner' splarJi^hy  M.  de  Obenheim^  represented 
in  the  third  volume  of  the  Memorial  de  VArtHlerie  (1830)  ia 
established  with  the  same  notation ;  and,  in  the  same  volume^ 
M.  BeUeiLcontrei  commander  of  a  troop,  proposes  also  to 
apply  this  notation  for  constructing  the  results  of  the  Lom- 
bardy  tables.  It  is  said  that,  about  the  same  period,  M. 
]>idioii  employed  them  in  summing  up  the  results  of  ex- 
periments on  shootinff  at  a  mark,  xn  1840,  M.  AIII-k,  nau- 
tical engineer,  published  a  new  system  of  tariffs  containing 
graphic  multiplication-tables,  founded  imphcitlpr  on  the 
principle  of  representing  a  surface  bv  means  of  its  contour 
unes.  Finally,  M.  ObaKaUon,  hydrographic  engineer  of 
the  navy,  constructed  a  card  of  barometric  tdnds,  analogous 
to  that  of  our  figure  31,  but  without  publishing  any  thing 
on  this  subject. 
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We  may  be  permitted  to  add,  that  these  yarious  works 
did  not  come  to  our  knowledge  until  after  the  period  at 
which  we  thought  of  applying,  in  a  general  manner,  to  all 
natural  laws,  and  to  numerical  tables  containing  three  vari- 
able elements,  the  graphical  lepxesentatioa  devised  by  Da 
Carta.  We  have  reason  to  hope  that  the  numerous  re- 
sults we  have  deduced  £rom  the  first  idea  of  Da  Carta  and 
M.  da  Homboldt^  and*  from  some  others,  which  are  our 
own,  will  appear  of  a  nature  to  confirm  our  assertion.  To 
mention  omy  two  results  of  a  special  work  that  we  anti- 
cipate soon  publishing ;  it  will  be  sufficient  for  us  to  quote 
among  these  consequences  the  establishment  of  our  abacus j. 
or  universal  reckoner^  which  will  supply  with  advantage 
the  rules  of  calculation,  and  serve  fcxc  a  multitude  of  opera- 
tions that  these  rules  cannot  accomplish ;  and  the  construc- 
tion of  tables  and  instruments  for  line  resolution  of  numeri- 
cal equations  of  a  dq^ree  higher  than  the  second.  Findly, 
we  do  not  pretend  to  take  to  ourselves  any  thing  belonging' 
to  those  who  have  preceded  us ;  and,  whatever  credit  the 
opinion  of  competent  and  disinterested  judges  may  accord 
us,  in  the  application  of  the  process  to  natural  laws,  and  to 
numerical  tables,  we  shall  be  happy  if  we  can  in  any  way 
contribute  to  give  popularity  to  a  notation,  that  appears 
destined  to  render  real  service  in  the  sciences  of  observation 
and  even  calculation.* 


*  It  Li  oar  duty  specUdly  to  fm«ke  mention  here  of  the  zeal  and  intelH- 
gence  with  which  Jean  Psbyotbl,  Jim.,  has  aaalsted  us  in  the  oonstractlon 
of  the  flgores  of  the  Appendix.  It  was  he,  also,  who  made,  or  at  least,  most 
carefdUy  revised,  the  long  calenlatlons  that  have  been  required  for  the  con- 
rerslon  of  all  the  numerical  tables  of  the  original  into  metrical  measure- 
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n. 


1  (vide  p.  15.) 


Law  cfikevmaUom  cfmtam.  tempaaiareper  iam\  m  tte 


ScAJLM.  5— for  two  monthn,  act  off  on  the  mi  cf  flie 
ahscjgMP.  of >^.  1 ;  5"*  for  two  hoon,  mejHiiiad  on  die  oidi- 
nates  cf  >%^.  I9  and  on  the  abaoHe  of;^.  1  ier;  1^  per 
degree,  aet  off  on  the  ofdmates  ofi^.  1  hU  and  fer. 

The  lines  of  tbe  twdre  mantna  i^  the  year  are  desic- 
nated  by  their  initial  kttcn,  and  are  set  off  panlkl  to  the 
length  m  the  plate ;  the  lines  of  the  twcnty-fonr  hoon  of 
the  day  are  reoogniiable  by  figures  plaeed  at  their  left  ex- 
tremityf  and  are  dzvwn  perpendicnlar  to  the  fonner.  The 
enrres  of  equal  temperature  are  traeed  in  the  interior  at 
the  aqnare,  ud  indexed  in  oentesimai  degrees.  Those  whose 
indices  are  preeeded  by  the  sign  —  (■uaHt),  toward  the 
T^ht  of  the  figure^  indicate  temperatnres  below  aero.  In. 
QTOer  to  obtain  the  temperature  that  prevails  in  a  certain 
month,  and  at  a  certain  given  hour,  we  must  follow  the 
line  that  indicates  the  month,  until  it  meets  that  which  in- 
dicates the  hour,  and  take  the  index  of  the  nearest  curve. 

Thus,  in  ascending  alimg  the  line  of  the  month  of  June» 
we  see  that  the  point  where  it  cuts  the  line  of  midmgfat 
falls  at  about  0,3  of  the  interval  between  the  curves  indexed 
12  and  13 ;  consequently,  the  corresponding  mean  tempera- 
ture is  12°,3. 

Fig.  1  gives  rise  to  several  interesting  observations.  We 
immecbately  see  that,  although  it  is  obtained  firom  a  series 
of  observations  made  for  a  few  years  only  (M.  Kaemts  does 
not  say  exactly  how  many),  by  a  single  obsorer,  it  presents  n 
venr  satisfactory  r^;ulanty  in  tbe  form  of  the  contour  curves. 
Wnence  we  shoold  conclude,  that  the  series  need  not  ex- 
tend to  more  than  fifteen  or  twenty  years,  in  order  that  the 
greater  part  of  tbe  accidental  inflections  should  disappear. 

Then,  it  is  far  more  easy  to  recognise  on  the  figure,  than 
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on  the  nmnerical  table  of  p.  15,  the  range  of  the  diurnal  and 
annual  temperature.  Inaeed,  let  us  at  once  follow  the  lines 
of  the  month,  from  below  upward,  we  shall  see  that  they 
meet  the  curves  of  equal  temperature,  so  that  the  figures  of 
these  curves  go  on  mcreasing  to  a  certain  point  situated 
between  half-past  one  and  tl^ee  p.m.  ;  and  diminishing  to 
another  point  situated  between  the  15  th  and  19th  hours, 
namely,  between  two  and  seven  in  the  morning.  We  thus 
recognise  the  maaamum  and  nanimmn  of  diurnal  tempera- 
ture. The  figure  shews  that  the  position  of  these  points 
varies  according  to  the  seasons ;  that  the  maxmum  occurs  in 
summer  at  about  three  in  the  afternoon,  and  at  about  half- 
past  one  in  winter;  and  that  the  mmbmany  which  occurs  in 
the  month  of  January  about  seven  in  the  morning,  occurs 
at  three  in  the  morning  in  the  month  of  July.  Aese  re- 
sults are  conformable  to  those  deduced  by  M.  Kaemts, 
from  the  examination  of  the  numerical  results  (p.  19). 

Kwe  pass  from  the  lines  of  the  months  to  those  of  the 
hours,  we  arrive  at  analogous  results,  namely,  that  we  not 
only  recognise  the  existence  of  the  annual  fnaxbimm  and 
fntaMmon,  but  also  the  different  dates  of  the  days  on  which 
they  take  place  for  each  of  the  twenty-four  hours,  provided 
always,  that  we  knew  the  exact  dates  of  the  monthly  means, 
or  else  that  we  have  taken  these  means  constantly  on  the 
same  day  of  the  month. 

The  four  curved  lines,  traced  in  dotted  lines  on  Jig.  1, 
establish  the  law  of  continuity  between  the  various  epochs 
of  the  diurnal  and  annual  maxima  and  minima.  Two  of 
these  lines,  those  of  the  diurnal  nuzortma  and  minima,  are 
nothing  more  than  the  projections  of  the  inclination- 
lines  traced  on  the  curved  surface,  perpendicular  to  the 
direction  of  the  monthly  right  lines ;  the  other  two,  those 
of  the  annual  maxima  and  minima,  are  projections  of  the  in- 
clination-lines, perpendicular  to  the  direction  of  the  hourly 
lines.  It  is  easy  to  pomprehend  the  reason  of  this  property ; 
it  occurs  because  all  the  points  that  correspond  to  a  diurnal 
maximum  and  minimvm^  on  the  curves  of  equal  temperature, 
are  determined  by  tangents  parallel  to  the  monthly  right 
lines ;  and  because  the  annual  maxima  and  minima  of  the 
hours  are  those  of  the  contact  of  the  same  curves  with  tan- 
gents parallel  to  the  hourly  lines. 

The  hourly  curves  represented  in^.  1  his^  and  which 
are  constructed  directly  by  means  of  the  hourly  lines  of  the 
numerical  table  in  p.  15,  all  present,  without  exception,  a 
singular  inflection  about  the  month  of  November.  There  is 
another  inflection  of  the  same  kind,  but  much  more  pro- 
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nounced,  about  the  month  of  Mvp.  What  is  the  came  of 
tills  f  M.  KaMttfta  is  not  explicit  on  this  pomt,  and  does 
not  evea  mention  the  ftct  Is  il  became  the  rehitiTe  resolts 
of  the  month  of  Noyember  have  been  interpolated  inaoca* 
zately  f  Should  we  recognise  in  the  anomiuy  of  May  the 
fiill  of  temperature  pointed  out  bj  M.  BraBaa,  professor  of 
the  University  of  Berlin,  and  attributed  by  him  to  the  in- 
terposition between  the  sun  and  the  earth  of  the  asteroids^ 
that  we  meet  about  the  13th  of  Noyember  ?  The  Novem- 
her  anomaly,  of  which  M.  Bvman  makes  no  mention,  re- 
mains to  be  explained,  whilst  he  umounces  one  about  Feb. 
7,  which  is  not  appreciable  here.  (Vide  Le9  Con^fin  ileii* 
Au  de  VAcad&mie  des  Sciences^  Ist  half-year,  1840,  p.  21.) 


i  {vide  p.  19). 

LoatJ  offhe  diurnal  thermometrie  variation  observed  at  Bose^ 
hop,  during  ihe  forty  days  preceding^  and  (he  forty  days 
foUowing  Ste  umUer  solstice, 

SciOAs.  9»«  for  four  hours,  set  off  on  the  absdasBB ;  and 
9*^  for  four-tenths  of  a  degree,  set  off  on  the  ordinates. 

This  curye  was  constructed  by  M.  Bravais*  It  pre* 
sents  in  its  undulations  a  satisfactory  regularity,  whiek 
seems  yery  well  to  indicate  that  they  are  not  accidental. 

riGUKE  a  (vide  p.  20). 

Law  of  the  monthly  variation  of  the  coefficient  by  which 
must  multiply  the  excess  of  the  maximum  over  ^ 
of  temperature ;  the  sum  of  the  product  and  qf  the  matt- 
mum  giving  the  mean  of  the  day. 

ScAus.  2™*  per  month,  set  off  on  the  absciasse.  The 
ordinates,  which  represent  the  coefficients  of  reduction,  are 
taken  on  the  scale  of  j,  of  the  yalues  of  the  coefficient,  con- 
sidered as  a  fraction  of  the  metre,  constantly  deducting  15"". 
The  curye  relating  to  the  obseryations  at  a  fixed  hour  i» 
designated  by  II,  tnat  of  the  obseryations  by  the  ihermome* 
trc^^ph  by  T. 

xhe  irregularity  of  the  two  curyes  seems  to  indicate  the 
necessity  of  obseryations  prolonged  oyer  a  much  more  ex- 
tended space  of  time  in  order  to  the  establishment  of  the 
exact  yalues  of  the  coefficient  of  reduction.    It  is  probable 
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that  these  valufls  would  T«ry,  aoooi:diiig  to  the  plaees  and 
even  according  to  the  days.  It  would^  therefore,  be  de- 
sirable that  they  should  be  sought,  by  asuduous  observatiooci^ 
in  many  paints  of  the  globe  sufficiently  distant  from  eadi 
Other. 


FIGVBE8  4  (vide  p.  43). 

idxw  of  the  frequency  of  loinde  (monsoons)  m  the  different 
months  of  the  year^  at  DumrDum^  near  CakuUa  (eighli 
years  of  obsenration). 

The  scale  oSJie,  4  is  5""»  per  month  on  the  abscissas,  and 
6»>*  for  each  of  the  principal  directions  of  the  wind  on  the 
ordinates. 

The  curves  constructed  in  the  interior  of  the  square  are 
those  of  the  equal  duration  of  the  winds.  Their  numbers 
have  reference  to  the  total  duration  of  the  winds  that  have 
blown  in  each  month,  a  duration  represented  by  20.  Thus, 
by  following  the  line  of  the  montn  of  September,  until  it 
meets  the  Ime  of  the  east  wind,  we  iall  on  the  curve  in- 
dexed 4,  whence  we  conclude,  that  durins  this  month  the 
east  wind  only  blows  jj,  or  0,2  of  the  time  during  which  the 
wind  blows  m  some  other  direction.  The  table  on  p.  43 
gives  0,207. 

Fig.  4  Ms^  properly  sneaking,  is  not  at  all  a  topo^« 
pMcal  plan.  It  contains  tne  curves  of  the  annual  variations 
in  the  auration  of  the  different  winds.  The  same  abscissa? 
are  taken  as  for  fig,  4,  and  the  ordinates  are  on  the  scaijs 
of  one  dechnetre  for  the  total  duration  of  the  winds 
during  each  month.  The  curves  referring  to  the  different 
directions  of  the  wind  are  designated  by  the  letters  by  which 
they  are  recognised.  They  are  constructed  directly  by 
means  of  the  table  on  p.  43,  in  which  the  numbers  of  the 
same  column  express  the  lengths  of  the  ordinates  of  any  one 
curve. 

Imagine  that  we  have  cut  the  curved  surface,  of  which 
fg,  4  is  the  topographical  plan,  by  vertical  planes,  drawn 
through  the  lines  N.  £.,  &c.  of  the  directions  of  the  wind. 
The  intersections  of  the  surface  bv  these  planes  are  precisely 
the  curves  of  jf^.  4  his^  and  this  figure  itself  is  nothmg  more 
than  the  association  of  the  eight  curves  projected  on  a  ver- 
tical nlane  parallel  to  themselves. 

The  intersections  of  the  same  surface  by  vertical  planes 
drawn  in  the  direction  of  the  monthly  lines,  would  give  rise 
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to  a  series  of  curves  analogous  to  those  of  >^*  4  fttk,  but 
which  would  Tepresent  the  yariatioii  of  the  direction  of  the 
wind  for  each  of  the  thirteen  months  of  the  year.  These 
curves  may,  moreover,  be  constnicted  directly  by  means  of 
the  numbers  contained  in  the  horizontal  lines  of  the  table  on 
p.  43. 

F^.  4  fer  is  supplementary  to  that  which  we  have  vast 
mentioned,  and  gives  the  same  results.  Only,  instead  of 
aetting  off  the  dS-ections  of  the  wind  on  a  right  line  taken 
as  the  axis  of  the  abecisss,  we  have  indicated  them  in  tibe 
true  direction.  But,  on  each  of  their  directions  we  have  set 
off  on  the  scaus  of  a  dedmetre  for  the  total  duration  of  the 
winds  during  a  month,  the  partial  duration  of  the  wind  that 
corresponds  to  this  point.  The  curves  thus  obtained  for 
each  month  are  recognisable  by  the  letters  of  these  months ; 
namely, 

J.   Januaiy.  M'.  May.  S.  September. 

F.  February.  J'*  June.  O.  October. 

M.  March.  J''.  July.  N.  November. 

A.  ApriL  A'.  August  D.  December. 

In  addition,  we  nUly  verify,  on  any  one  of  the  Jig9.  4, 
4  his^  4  ter,  the  result  of  the  examination  which  M.  Kaemts 
undertook  (p.  44),  namely,  the  marked  predominance  of 
N.  W.  winds  in  winter,  and  that  of  S.  E.  wmds  in  summer. 
But,  of  the  three  figures,  the  topographical  plan  is  evidently 
the  one  which  presents  the  greatest  clearness,  and  which 
is  best  suited  for  the  discussion  under  all  its  features. 

The  last  maybe  called  mordhly  card  of  the  duration  of  the 
winds.  It  is  analogous  to  the  ciurds  represented  in  figs.  17 
and  31  bis,  and  to  those  that  are  happUy  indicated  Dj^s, 
11  and  12. 


FIGURE  5  (vide  p.  48). 

Law  of  the  relative  frequency  of  the  winds  in  diffhtnt 

countries. 

Scales.  2'^^,5  for  each  point  of  the  wind,  set  off  on  the 
abscisssc,  and  5  centimetres  for  the  total  duration  of  the 
winds  during  a  month,  set  off  on  the  ordinates. 

Initial  letters  indicate  the  curve  of  the  variations  in  the 
duration  of  the  winds,  referring  to  each  country  of  the  table 
on  p.  48  ;  to  wit, 
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E.  England. 

F.  Fruice,  Netherlands. 

G.  Grermany, 
D.  DenmarK. 
S.  Sweden. 

B.  Russia  and  Hungary. 
A.  North  America.] 

The  fiffure,  like  the  table,  shews  the  predominance  of 
S.W.  winds,  and  the  tendencjr,  a  little  to  tne  north  of  the 
west,  of  the  mean  direction  of  the  wind  in  Russia. 

We  must,  moreover,  only  consider  the  differences  of  the 
ordinates  in  the  same  curve,  and  not  in  any  desree  their 
absolute  values,  because,  in  order  to  prevent  conuision,  we 
have,  in  several  of  these  cases,  moved  back  the  axis  of  the 
abflcuee  parallel  to  itself. 


noUBB  6  (tide  pp.  96  and  71). 

Zcao  o/ike  increate  of  (he  tennon  of  the  wipoiur  of  waUr^ 
according  to  the  temperature. 

Scales.  8""  per  four  degrees  for  the  absdssss ;  three- 
fourths  of  the  natoral  size  for  the  tension  expressed  by  the 
height  of  the  mercurial  column  sustained,  set  off  on  the 
ordmates. 

The  lower  curve  is  that  resulting  from  the  law  found  by 
M.  Kaemts;  the  other  represents  the  law  declared  by 
M.  At&viuit  from  Daiton's  experiments. 

The  mere  inspection  of  these  curves  shews,  that  the 
difference  between  the  results  given  by  the  two  lavrs  goes 
on  increasing  with  the  temperature. 

FIOURB  7  {tide  p.  83). 

Law  of  the  vanaOons  of  the  tensions  of  (he  vapour  of  water 
ooniainedvi  (he  air,  per  hour,  in  (he  different  months  of  (he 
year,  at  HaUe  (four  to  five  years  of  observations). 

Scales.  3<^  per  month  for  the  abecissiB ;  1"*"  per  hour 
for  the  ordinates. 

The  curves  of  equal  tension  of  the  vapour  of  water  are 
traced  in  the  interior  of  the  figure :  their  numbers  indicate 
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the  tensions  expressed  in  millimetres  of  the  height  of  the 
mercury.  Thus,  for  example,  by  following  the  Bne  of  the 
month  of  June  until  it  meets  the  line  of  midnight,  we  fin<^ 
that  the  point  of  intersection  falls  almost  exactly  on  the 
curve  numbered  10;  we  hence  conclude,  that  tne  mean 
tension  of  the  month  of  June,  at  the  hour  indicated,  is  10»". 
The  table  on  p.  83,  gives  9,96"". 

In  seeking,  in  the  same  manner  as  in^.  1,  for  the  posi- 
tion of  the  inclination-lines  perpendicular  to  the  right  lines 
expressing  the  monthly  ordinates,  we  find  that  four  may  be 
traced  on  certain  portions  of  the  figure.  Two  cunre^ 
the  highest  and  the  third,  reckoned  &om  below  upward, 
correspond  to  maxima  ;  the  two  others  to  minimcu  Their 
position  on  the  topographical  plan  indicates  the  hourly 
range  of  the  variation  of  the  quantity  of  vapour  containei 
in.  the  air  at  Halle,  according  to  the  dififerent  seasons,  in  « 
manner  that  is  partly  conformable  to  the  conclusions  of 
M.  Kaemts  (pide  p.  85). 

The  summer  curves  present  a  regular  range ;  but  those  of 
winter  present  anomalies  that  seem  to  result  firom  the  series 
not  having  as  vet  been  sufficiently  prolonged.  Now,  a  con- 
Biderable  number  of  observations  is  the  more  necessary,  as 
the  curves  of  hourly  variation  in  the  winter  months  present 
less  pronounced  imdulations.  We  shall  easily  establish 
these  curves  by  means  of  our  fig^ure,  since  they  result  fit>izi 
the  intersection  of  the  surface  represented  by  our  topogra- 
phical plan  with  the  vertical  planes  drawn  through  the 
monthly  right  lines. 

With  regard  to  the  monthly  eurves  of  variation  for  each 
of  the  hours  of  the  day,  they  are  derived  from  the  inter- 
section of  the  same  curved  surfiioe  by  vertical  planes  drawn 
along  the  honrlv  lines.  On  constructing  them,  we  Aall 
recognise  that  all,  without  exception,  present,  in  November, 
a  singular  inflection,  altogether  similar  to  that  which  we  have 
pointed  out  for  the  monmly  curves  of  temperature  in  Jig.  1 
his^  and  in  the  same  direction.  We  cannot  discover  the 
cause  of  this  remarkable  anomaly. 

noUBE  8  (vide  p.  84). 

Law  of  ihe  variations  of  the  relative  humidHy  of  Me  oir  pmr 
Aottr,  in  the  different  months  of  (he  year^  at  UaUe  (four  to 
five  years  of  observation). 

ScALss.  9°^  per  two  mouths  for  the  absdasee^  and  3b» 
per  two  hours  for  the  ordinates. 
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The  curves  of  relative  equal  humi^ty  are  traced  in  the 
interior  of  the  figure  8.  Their  indioes  give  the  quantities 
from  the  table  on  p.  84. 

The  Hianner  in  which  these  quantities  express  the  rela* 
tire  humidity  is  elsewhere  explamed  on  p.  78. 

Thus,  we  find  about  73  or  74  for  the  month  of  June  at 
9  o^dock ;  the  table  on  p.  84  gives  74,2. 

As  the  determination  of  these  curves  takes  place  accord- 
ing to  the  ssme  series  of  observations  as  the  preceding  figure, 
Vfe  must  not  trust  entirely  to  the  results  given  by  the  mat^ 
Bionths. 

Furthermore,  the  inclination-lines,  which  may  be  traced 
on  the  curved  surface  perpendicularly,  either  to  the  monthly 
or  Uie  hourly  right  lines,  follow  a  very  regular  range.  The 
Ibrmer,  two  m  number,  indicate  the  hours  in  each  month  of 
diumal  masinmm  and  ndnmnimy  of  which  M.  KaMnSa  speaks 
Ip.  85).  The  latter  are  four  in  number,  and  shew  the 
Sourly  range  of  annual  maxima  and  wUmma. 


nomiB  9  (vide  p.  87). 


lAimofthewuiaiiontM^iewAmofihevtgHniro/wat^  con* 
tained  in  ike  air^  per  how  (Jram  7  ▲.!!.  toll  p.m.)  in  the 
dfffereni  months  of  the  yetas  at  Apenrade. 

Scales.  5°™  per  month  for  the  abscissae,  and  ^**  pet 
two  hours  for  the  ordinates. 

The  curves  of  the  topographical  plan  indicate  the  mo- 
ments of  equal  absolute  humidity.  Their  indioes  express 
the  hygrometric  tension  in  millimetres  of  mercuiy. 

Thus,  for  the  month  of  May  at  3  o'clock,  we  mid  a  result 
comprised  between  9  and  9,5.  The  table  on  p.  87  gives 
9,23. 

The  comparison  of  this  figure  with  Jig,  7  shews  tho 
essential  difference  between  the  range  of  the  absolute  hygro- 
metric state  of  the  air  at  Halle  and  at  Apenrade.  M. 
Xaemts  points  to  these  differences  without  oeing  able  to 
assign  the  cause  {vide  p.  88). 
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riaUBB  10  (vide  p.  89). 

ComparUon  ofike  tension  of  the  vapour  of  water  at  the  same 
hours  at  Zurich  and  on  the  R^  at  Zurich  and  on  the 
Fandhom, 

Scales.  1""  per  hour  for  the  abedsaoe,  and  the  fifth  of 
the  natural  size  for  the  pressure  in  millimetres,  set  off  on 
the  ordinates,  deducting  al¥ni3rs  25"^  from  the  ordinates  of 
the  series  Zurich-IUgif  and- 15  from  the  ordinates  (^  the 
series  Zurich-Faulhom. 

Z  Z  and  B  R,  correspondiiup  curves  of  the  first  series^ 
at  Zurich  and  on  the  Rigi.    QTune  1832  and  July  1633.> 

Z'  Z'  and  F  F,  corresponding  curves  of  the  second  series^ 
at  Zurich  and  on  the  Faulhom.  (September  and  October 
1833.) 

Tne  investigation  given  in  the  body  of  the  book  (p.  90) 
may  be  followed  easily  in  these  curves. 

rxaURB  11  (tnde  p.  101). 

Law  of  (his  variaHofu  of  relative  hnmiditif  during  tte  differeni 
winds  in  the  four  seasons  at  HaUe. 

Scales.  6^*^  for  each  of  the  princinel  points  of  the 
wndj  set  off  on  the  abscisses,  and  ha£f  a  millimetre  per  unity 
of  relative  humidity,  for  the  ordinates,  constantly  deducth^g 
80^  from  the  latter. 

SS.  Spring  curve. 

Sm.  Sm.  Summer  „ 
AA.  Autumn  „ 
WW.     Winter     „ 

The  contrast  between  winter  and  summer  immediately 
appears  on  the  mere  inspection  of  these  curves.  The  mazt' 
mum  of  relative  humidity  at  Halle  corresponds  to  the  east 
wind  in  winter,  and  to  the  west  wind  m  summer;  Uie 
nUnimmn,  to  the  west  in  winter,  and  the  east  in  summer. 
These  results  are  drawn  b^  M.  KaemtB  (p.  102),  from  the 
consideration  of  the  figures  in  the  table  in  p.  101.  It  might 
have  been  added  that,  between  autumn  and  winter,  there 
ought  to  exist  a  time  when,  at  a  mean,  neither  the  east  nor 
the  west  wind  ^ves  rise  to  maxima  or  minima ,-  so  that  the 
relative  humidity  is,  as  it  were,  stationary,  whatever  the 
wind  be  at  this  period.    The  same  thing  takes  place  between 
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winter  and  spring,  but  only  for  the  east  wind ;  then,  between 
sprinff  and  summer,  but  only  for  the  west  wind. 

Tnese  curves  might  be  constructed  so  as  to  constitute 

g  an  hygrometric  card  of  winds  analogous  to  the  cards  of  figs. 

,{  17  and  31  his. 

FIGURE  12  (vide  p.  103). 

'  Lau)  of  (he  absolute  dhamdl  variation  in  ike  qmmJtHy  of  (he 

'j  vapour  of  water  contained  in  ike  air,  above  and  below  the 

'  meany  corresponding  to  each  howr,  accordtntf  to  ihe  different 

winds  at  Hatle. 

.  Scale.    15""  per  four  hours,  set  off  on  the  abecissc ; 

I  and,  for  each  of  the  four  principal  points  of  the  wind,  set  off 

on  the  ordinates. 

The  curves  of  equal  difference  of  tension  have  indices 
indicating  the  differences,  expressed  in  tenths  of  a  milli- 
metre of  the  height  of  the  mercury.  The  indices  preceded 
bv  the  sign  —  indicate  tensions  below  the  mean ;  the  indices 
of  the  tensions  above  are  not  preceded  by  any  sign. 

By  following  the  hourly  line  of  0,  or  noon,  until  it 
meets  the  line  of  the  south  wind,  we  find  that  Uie  point  of 
intersection  falls  b^ween  the  curves  indexed  4  and  5,  at 
about  two-thirds  of  the  interval  between  them.  We  hence 
conclude  that,  for  this  wind,  and  at  this  hour,  the  tension 
of  the  vapour,  at  a  mean,  is  0"'",467.  The  table  of  p.  103 
gives  0'»",465. 

I  The  position  of  the  inclination-lines  perpendicular  to 

I  the  hourly  lines  shews  the  direction  of  the  winds  by  which 

the  relative  nummum  and  minimum  of  each  hour  occurs. 
The  detennination  of  the  hours  of  the  day  to  which  the 
relative  maximum  or  minimum  for  each  wind  corresponds,, 
depends,  on  the  contrary,  on  the  inclination  lines,  perpendi* 
cular  to  the  right  lines  of  the  winds. 

M.  BLaemts  was  the  first  to  point  out  (p.  104)  the  ano« 
malies  of  his  table,  which  are  set  forth  by  tne  topographical 
plan  that  represents  it.  Moreover,  in  order  to  recognise 
them,  he  has  employed  the  graphical  construction  of  the 
curv^  which,  with  us,  result  from  the  intersection  of  the 
curved  surface,  of  which  fig.  12  is  the  topographical  plan, 
with  eight  vertical  planes,  drawn  through  the  nght  lines  of 
the  winds. 

The  same  remark  as  before  may  be  made  in  respect  to 
the  establishment  of  a  card  of  winds  giving  the  aosolute 
humidity. 
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rioimB  13  (vide  p.  111). 

Law  of  ^  variaHofu  in  the  diameter  of  ike  vesicles  of  fogs, 
according  to  the  different  months  of  the  year. 

Scales.  5"'"  for  two  months,  set  off  on  the  axis  of  the 
abscissse,  and  500  times  the  natmal  size,  for  the  diameters 
measured  on  the  ordinates. 

The  progression  from  winter  to  summer  is  disturbed,  aa 
we  see,  by  many  anomalies,  although  there  is  a  sensible 
diminutian  in  chamcter  from  one  season  to  the  other. 


PIGURS  14  (vide  p<  112). 

Comparative  range  of  the  temperatures  of  the  air  of  the  Skone 
and  the  Saone  at  Lyon  (four  years  of  obseifyatioDs  by 

M.  FOWlMt). 

8cALBs.  5"*  per  two  months  for  the  abadssas,  and  1"* 
for  2°  for  the  ordinates. 

AA.  Curve  of  the  air. 
RR.  ff  Rhone. 

SS.  „  Saone. 

FIOURS  15  (vide  p.  140). 

Distrtbuthn  of  the  quantiiy  of  rain  in  the  fow  seasons  in 

different  countries  of  Europe. 

ScAuts.  IS"*  for  the  entire  year,  set  off  on  the  axis  of 
the  abscisBBS,  and  3""  for  eight  units  of  rain  iallen  (the 
annual  quantity  being  100)  set  off  on  the  ordinates. 

To  prevent  the  interla^g  of  the  curves,  they  have  been 
separated  parallel  to  themselves :  we  must,  therefore,  refer 
to  the  figure  only  for  the  differences  between  the  ordinates; 
and  not  for  the  absolute  lengths  of  the  latter. 

W.  Winter. — S.  Spring. — Sm.  Summer. — A.  Antaina. 
a  a.    Curve  ei  Western  England. 
ef  d,        ,y       the  interior  of  England. 
//•  n       Western  France, 

jr /'-        99       Eaetem  Franoe. 
d"  d".       „       Germai^. 
pp.         „      Petersburg. 
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rXGXTRE  16  (vide  p.  157). 

Comparative  range  of  (he  quantities  of  rain  that  faU,  and  of 
the  corresponding  monOuy  temperatures  in  India,  at  Anjo' 
rakandy  (fig.  16),  al  Madras  (fig.  16  bis)<,  and  at  Calcutta 
(fig.  16  tar). 

Scales.  2"*^  per  month  for  the  absdssse ;  jj  of  the 
natoral  size  for  the  heights  of  rain  set  off  on  the  ordmates ; 
J  of  a  millimetre  per  tenth  of  a  degree  set  off  on  the  ordi« 
nates,  always  deducting  25*^  for  Ai^arakandy,  24°  for 
Madras,  and  18^  for  Calcutta. 

t  Cnnre  of  temperature. 

To  the  summits  of  the  rain  curves  on  the  three  figures, 
depressions  in  the  curves  of  temperature  nearly  correspond, 
conformably  to  the  conclusions  of  the  author  (pp.  156,158). 


FIGURE  17  (vide  p.  159). 

Xotc  qfihe  variations  of  temperature  during  the  four  seasons^ 
'according  to  the  different  winds^  at  Paris. 

Scales.  1*""  per  degree,  set  off  from  the  centre  of  the 
figiue  on  the  direction  of  the  corresponding  wind. 

A.  Curre  of  the  mean  of  the  year. 
a.  „  n  Autumn. 

s.  „  „  Spring, 

This  tkermtmutne  card  of  winds  has  been  constructed 
according  to  the  numbers  ffiyen  by  M.  Mahlauum  in  hia 
translation  of  a  work  by  m!  Forbes,  entitled  ^*  Abriss  einer 
geschichte  der  neueren  Fortschritte  der  Meteorologie"  (Berlin, 
1836). 

Iig.  31  ter,  is  an  exact  copy  taken  from  this  work,  of 
ilie  manner  in  which  the  grspnical  representation  of  a  euA 
of  winds  of  this  kind  was  cooceiYed  before  our  time. 

It  is  useless  to  point  out  the  advantages  of  the  mode  of 
representation  to  ^ch  we  have  been  lA  by  the  ecNDsidera- 
tion  of  curves  ofegtad  dement. 
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FIGURE  18  (vide  p.  162). 

Law  of  the  hourly  ohservatione  of  temperature  ahooe  amd 
Mow  the  mean^  due  to  the  tnftuenee  of  the  different  wuuU 
otHaOe. 


Scales.    3*^  per  hour,  set  off  on  the  absdsne,  and 
for  each  of  the  principal  points  of  the  wind,  set  off  on  the 
ordinates. 

The  indices  of  the  corves  of  equal  yaiiatiaii  axe  centi« 
grade  d^rees. 

The  inclination  lines  perpendicular  to  the  hourly  right 
lines  determine  the  direction  of  the  winds  hy  which  the  xda* 
tiye  maximium  and  minimam  of  each  day  takes  place,  snd  the 
inclination  lines  perpendicnlar  to  the  former  diew  the  houia 
of  the  day  to  which  the  relative  maxiimim  and  minimum  for 
each  wind  correspond. 

The  irregularities  of  the.  curves  of  this  topographical 
plan  indicate  that  they  have  been  deduced  from  an  insuffi- 
cient number  of  observations. 


FZaURE  19  (vide  p.  211). 

Loao  of  the  variation  in  the  height  to  which  we  must  aecendy  m 
order  to  have  a  fall  of  1°  of  the  thermometer^  at  the 
different  hours  ofOue  day. 

Scales.  1""*  per  hour,  set  off  on  the  absossae,  and  1"* 
for  four  metres  of  height  set  off  on  the  ordinates,  from 
which  120  metres  must  be  previously  deducted. 

C.  Curve  of  the  Col  du  Greant. 
R.  „  RigL 

With  regard  to  the  irr^ularities  of  the  curves,  the  same 
observation  as  in  the  prece&ig  figure. 

FIGURE  20  {vide  p.  212). 

Law  of  the  hourly  variation  of  temperature  on  the  same  dayy 
at  different  heighU  (44  days,  end  of  July  and  August). 

Scales.  3""  per  hour,  set  off  on  the  abscissse,  and  9"f. 
for  eight  centigrade  d^prees  on  the  ordinates. 


6^ 

T.  Curve  of  the  Faulhom. 


P. 

99 

of  Paris. 

G. 

9$ 

of  Greneva. 

Z. 

99 

of  Zurich. 

B. 

99 

of  Berne. 

L. 

ft 

of  Lucerne. 

M. 

ft 

of  Milan. 

The  ordinates  of  these  eiiryes  heing  set  off,  starting  from 
the  different  right  lines,  parallel  to  the  absdssse,  passing 
throuffh  their  extremities,  their  undulations  must  be  re- 
garded as  expressing  only  differences,  and  not  absolute  tem- 
peratures. 

FZOURB  21  (vide  p.  213). 

Zdtw  of  the  variation  of  the  difference  of  levely  corresponding 
to  a  fcM  of  1%  according  to  the  mfferent  months  of  the 
year, 

ScALBs.  1*"  per  hour,  set  off  on  the  abseisBae,  and  1"" 
per  four  metres  of  height,  set  off  on  the  ordinates,  from 
which  140  metres  is  always  deducted. 

G.    Carye  of  Geneva  and  St.  Bernard. 

Gr.       „        Southern  Germany  and  Northern  Italy. 

The  irrqpilarities  of  ibe  second  curve,  although  less 
marked  than  those  of  the  former,  indicate  that  the  oraerva- 
tions  are  not  yet  sufficiently  numerous. 

FZOUBB  22  (vide  p.  248). 
Law  efiks  disnai  haromeirk  variation  in  4^ffereiit  places. 


Scales.  5""  per  four  hours,  set  off  on  the  abscissae, 
and  one  centimetre  for  4"^  of  barometric  height,  set  off  on 
theordinales. 

O.    Curve  of  the  great  Ocean. 

Cm.  „  Cumana. 

G.  n  Guyana. 

C/.  ^  Calcutta. 

Pd  «,  Padua. 

H.  „  Halle. 

A.  „  Abo. 

PC  „  Petersbuig. 

▲  ▲ 
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In  order  to  prevent  the  interlacing  of  these  curves,  the 
axis  of  the  abscissse  has  been  moved  paralld  to  itself  for 
those  which  might  have  been  confounded  with  each  other. 


riOUKB  23  (vide  p.  250). 

Law  of  the  variatUm  of  (he  tropical  hours  of  the  haromebrio 
height  at  Halle  (ten  years  of  observation). 


ScAiJss.    5""  per  two  months,  set  off  on  the  absdsse, 
and  for  four  hours,  measured  on  the  ordinates. 

lit,  m.  Curves  of  the  two  diurnal  minima. 
M,  M.  „  „  maxima. 


FIGURE  24  (vide  p.  252). 

Variation  of  the  amplitude  of  the  mean  diurnal  oeciUation  of 
the  barometer,  according  to  the  different  monthi  of  the 
year  (ten  years  of  observation). 

Scales.  5°""  per  two  months,  set  off  on  the  absdssse, 
and  ten  times  the  natural  size  for  the  diurnal  oscillation, 
measured  on  the  ordinates. 

M.  Curve  of  Milan. 
H.       „     of  Halle. 


FZOURS  25  (vide  p.  253). 

Law  of  the  diumal  variation  in  the  barometric  height  obeerved 
simuUaneously  in  divers  places  (from  July  19  to  August 
7,  1841). 

Scales.  S*"""  per  hour,  set  off  on  the  axis  of  the 
abscissae,  and  d*"^  per  tenth  of  a  millimetre  of  the  variation 
of  the  barometric  neight,  set  off  on  the  ordinates. 

F.  Curve  of  the  Faulhom. 

P.'  „  „  Paris. 

Gr.  „  „  Geneva. 

Z.  „  „  Zurich. 

B.  „  „  Berne. 

L.  „  „  Lucerne. 

M.  „  „  Milan. 
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FIOURB  26  (vide  p.  254). 
Law  qfffie  dntmal  barometric  variation  at  different  heights. 


Scales.  5"""  ^r  four  hours,  set  off  on  the  axis  of  the 
absdsss,  and  five  tunes  the  real  size  of  the  hourly  variation, 
set  off  on  the  ordinates. 

ZZ.    First  curve  of  Zurich. 

BR.   Corresponding  curve  of  the  Rigi. 

Z'Z'.  Second  curve  of  Zurich. 

FF.   Corresponding  curve  of  the  Faulhom. 

In  this  figure,  we  must  only  consider  the  undulations  of 
each  curve,  and  not,  in  any  de^ee,  its  absolute  position  in 
relation  to  the  axis  of  the  abscissae. 


FIOURB  27  (vide  p.  261). 

Law  of  the  amplitude  of  the  diunud  barometric  oeciUaiion 

according  to  the  latitude. 

•  Scales.  I"*'"  per  2"^  of  latitude,  set  off  on  the  axis  of  the 
abscissae,  and  twenty  times  the  real  size  of  the  oscillation,  set 
off  on  the  ordinates. 


riOURB  28  (vide  p.  264). 

Law  of  the  corresponding  inverse  oscillations  of  the  barometer 

€md  thermometer. 

Scales.  Half  the  natural  size  for  the  barometric  oscil- 
lations, set  off  on  the  axis  of  the  abscissae  (the  positive  on  the 
right,  the  negative  on  the  left,  of  zero),  and  2""°  per  degree, 
set  off  on  the  ordinates  (the  positive  degrees  above,  the 
negative  below,  the  axis  of  the  abscissae). 

BBB.  Line  of  Bagdad. 
OOO.         „      Ofen  or  Buda. 
CCC.  „      Cambridge. 

£££.  „      Eyafiord. 

For  each  of  the  three  latter  curves,  the  axis  of  the 
abscissae  is  drawn  back  parallel  to  itself,  and  passes  by  the 
letter  at  the  middle  of  the  curve. 
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FZOimB  29  (mde  p.  271). 

Variation  of  (he  diumal  pressure  of  dry  air  at  Apenradty 

according  to  fhe  seasons, 

SGAI.E8.  5"*  per  four  hours,  set  off  on  the  axis  of  the 
abscissae,  twice  and  a  half  of  the  excess  of  the  real  barometric 
height  over  740™». 

S.    Curve  of  Spring. 
Sm.       ^      Summer. 
A.  „       Autumn. 

W.        „      Winter. 
A.         „      The  entire  year. 

PXOURE  30  (vide  p.  281). 

Mean  monthly  barometric  height  at  different  latitudes. 

Scales.  5°*"'  per  two  months,  set  off  on  the  axis  of  the 
absdsise,  and  ten  times  the  natural  size  for  the  differences 
of  the  ordinates. 

1  Curve  of  the  Havannah. 

2  „  Calcutta.  * 
8           „          Benares. 

4  „  Macao. 

5  „  Cairo. 

6  „  •  Paris. 

7  „  Strasburg. 

8  „  Halle. 

9  „  Beriin. 

10  „  Petersburg. 

We  must  only  consider  the  oscillations  of  these  curves, 
and  not,  in  any  degree,  their  absolute  position  in  respect  to 
the  axis  of  the  abscisse,  which  has  been  moved  back  several 
times  parallel  to  itself. 

riOV&SS  31  (vide  p.  286). 

Low  of  the  variation  of  the  barometric  pressvre^  according  to 
the  different  winds^  m  divers  places^  m  A«  mean  latitudes. 

nouma  31. 
Scales.    5""  for  each  of  the  eight  points  of  the  wind, 


set  off  on  the  axis  of  the  absciMs,  and  five  times  the  excess 
oyer  0",75  of  the  barometric  height^^set  off  on  the  ordinates. 

L    Curve  of  London. 
M.         „       Middlebnig. 
k,         y,       Hamburg. 
e»         ff      Copenhagen* 
a.  „       Apenrade. 


& 


n 


Bans. 

Minden. 


C.         n      Carlsruhe. 

iTQUBK  31  bis, 

ScAUB  of  double  the  natural  size,  for  the  excess  of  the 
barometric  height  oyer  the  constant  number,  0",75,  an 
excess  set  off  on  the  direction  of  each  of  the  eight  principal 
points  of  the  wind.  This  figure  is  the  barotMiric  card  of 
wmdt^/or  Farig. 

s.    Cnrye  of  Spring. 

«m.       „       Summer. 

a,  n       Autumn. 

10.         „       Winter. 

y.  „       The  year. 

nouBK  31  ler. 

The  same  card  of  winds,  under  a  different,  but  less  ex- 
pressive form,  adopted  by  M.  Mahlmawii^  in  the  work 
already  quoted  (vide  p.  527). 

w.  Circle  of  Winter. 
s.  „       Spring. 

«fR.        „        Summer. 
a.  „        Autumn, 

y.  „        The  year. 

It  is  easy  to  see  that  the  law  of  the  variation  in  ba- 
rometric pressure  in  any  given  place,  according  to  the  winds, 
may  be  placed  under  a  fourth  fonUf  which  would  be  that  of 
a  topographical  plan.  For  this  purpose  we  have  only  to 
take  as  co-ordinates  on  the  plane  of  prokedoUf  the  intervals 
of  the  points  of  the  wind,  and  those  of  the  seasons,  and  to 
refer  to  them  the  projections  of  the  lines  of  equal  barometric 
pressure. 

An  indexed  phme  of  this  kind  woukL  be  still  more  satis- 
factory, if  the  seasons  were  divided  into  months. 
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FIGURE  82  (vide  p.  290). 

Law  of  the  vaHation  in  (he  hourly  height  of  the  barometer j 
with  the  different  winds  above  and  below  the  general  meoM 
at  the  game  hour  (series  of  four  yean  of  obs^ation). 

Scales.  5""  per  two  hours,  set  off  on  the  axis  of  the 
abscissae,  and  for  each  of  the  eight  principal  points  of  the 
wind,  measured  on  the  ordinates. 

The  curves  of  equal  yariation  of  height  are  traced  in  the 
interior  of  the  square.  Their  indices  express  millimetres 
above  and  below  tne  mean ;  these  latter  vrith  the  sign  ^. 

There  are  but  two  inclination-lines  for  the  portion  of 
the  day  comprised  in  the  topographical  plan.  One,  perpen- 
dicular to  the  line  of  the  winds,  makes  known  the  djiectioEi 
of  the  winds  that  correspond  to  the  greatest  falls  in  the  day, 
in  r^;ard  to  the  hours ;  this  direction,  in  the  figure,  varies 
from  the  south-west  to  the  south.  The  other  m^es  known 
the  hour  of  the  day  to  which  the  lowest  height  determined 
by  each  wind  corresponds. 

FIOURB  33  (vide  p.  292). 

Law  of  the  variation  of  the  ^fferenees  of  level  calculated  for 
the  barometer  between  Halle  and  three  other  towns^  during 
different  winds  (three  years  of  observation). 

Scales.  6™"  for  each  of  the  four  principal  points  of  the 
wind,  set  off  on  the  absdsss;  and  1*^  for  four  metres  of 
difference  of  level,  set  off  on  the  ordinates. 

B.    Curve  for  Berlin. 
P.  „        Paris. 

Z.  „        Zurich. 


FIOURS  34  (mde  p.  308). 

Variation  m  (he  height  of  (he  barometer  at  Berlin^  during  mm, 

according  to  the  winds. 

Scales.  5""  for  each  of  the  four  principal  points  of  the 
wind,  set  off  in  the  abscissae,  and  natunl  sine  for  the  heights 
measured  on  the  ordinates,  constantly  deducting  0,740*. 
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riGUBE  35  (vide  p.  311). 

Variatian  of  the  barometer  at  Stockholm^  above  and  below  tiie 
mean^  at  the  approach  ofroin^  during  different  winds. 

Scales.  5'""'  for  each  of  the  four  principal  points  of  the 
wind,  set  off  on  the  ahscissse,  and  five  times  the  natural  size 
for  the  variation  of  barometric  pressure,  measured  on  the 
ordinates. 

b.    Curve  of  the  day  before  rain. 

r.  „         „         of  rain. 


FIOmiB  36  (vide  p.  315). 

Variation  of  temperature  between  Halle  and  the  Brocken^for 
different  unnde,  at  a  mean^  and  the  days  of  rain. 

Scales?  5°"°  for  each  of  the  four  principal  points  of 
the  wind,  set  off  on  the  abscissae ;  l<°™  per  degree  for  the 
differences  of  temperature,  set  off  on  the  ordinates. 

m.    Curve  of  the  general  mean, 
r.  „  days  of  rain. 

FIGURE  37  (vide  p.  317). 

Sinmttaneous  variations  in  the  height  of  the  barometer  and 
thermometer^  during  the  tempest  of  January  14  and  15, 
1827,  at  Halle. 

Scales.  3°^  per  four  hours,  set  off  on  the  axis  of  the 
abscissas ;  3'»»  per  2"»"  of  height  above  0°»,720,  set  off  on 
the  ordinates  of  the  curve  B  of  the  barometer ;  and  15"™ 
per  four  degrees  of  temperature,  set  off  on  the  ordinates  of 
the  curve  T  of  the  thermometer. 

FZOirRE  38  (vide  p.  343). 

Variation  in  the  number  of  negative  rains^  with  the  direction  of 

the  wind. 

Scales.  7^""'  for  each  of  the  four  principal  points  of 
the  ¥rind,  set  off  on  the  absdsss ;  41""'  for  100  falls  of  rain, 
set  off  on  the  ordinates. 

s.    Curve,  according  to  Sebnbler. 
h. 


n 
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The  dotted  line  is  drawn  at  the  distance  of  100  from  the 
axis  of  the  abscisse*  The  position  of  the  corres,  in  respect 
to  this  line,  shews  the  relation  of  the  number  of  negative  to 
the  nnmber  of  positive  rains. 


39  (aide  p.  359). 

Eilaihe  mtmber  ofMormSf  according  to  the  sea»on$jmd(ffereKi 

countries. 

ScAUBS.  15""'  per  year,  set  off  on  the  axis  of  the  ab- 
scissae ;  15"*"  per  40  storms,  set  off  on  the  ordinates ;  the 
nnmber  of  storms  that  have  occurred  during  the  whole  year 
being  100. 

W.  Winter;  S.  Spring;  Sm.  Summer;  A.  Autumn. 

eee.    Curve  of  West  Europe. 
see,  „        Switzerland. 

„        Germany. 

„        The  interior  of  Europe. 

The  axis  of  the  abscissae  has  been  successively  raised 
parallel  to  itself,  for  each  of  these  four  curves. 


40  (vide  p.  360). 

Dittribution  of  storms,  according  to  the  seasons,  in  different 

points  of  Scandinavia, 

ScALBs.  5"^  per  month,  set  off  on  the  axis  of  the  ab- 
scisss ;  lO""  per  unit  of  the  relatiye  number  of  storms ;  the 
total  annual  number  being  supposed  at  100. 

hbb.      Curve  of  Bergen. 
sss.  „        Soendmcer. 

#V«'  „        Spydberg. 

/W         „        Stockholm. 
j'VV"       „        Skara. 


PZaU&B  41  (vide  p.  378). 

Number  ofhaU-showers  per  hour,  according  to  the  season, 

ScALBS.    5"*  per  two  hours  for  the  abscissae,  and  1** 
per  fall  of  hail,  set  off  on  the  ordinates. 
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The  axis  of  the  ahecune  has  been  drawn  back  parallel 
to  itself  for  the  constmction  of  each  of  the  curves. 

SSS.  Curve  of  Spring. 

Sm.  Sm.  Sm.         n       Summer. 
AAA.  „       Autumn. 

WWW.  „       Winter. 


FIOUBB  42  {vide  p.  379). 

DigtnbuUon  of  haU'shtrteers^  in  (he  four  setuons,  in  different 

countries. 

ScALBS.  5"'"  per  season,  set  off  on  the  axis  of  the  ab- 
scissae ;  1™"  per  ML  of  hail,  set  off  on  the  ordinates ;  the 
total  number  of  lowers  in  Uie  year  beiog  100. 

E£E.  Curve  of  England. 
FFP.  „       France. 

G6G.        „        Germany. 
RRB.         ^       Russia. 
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NOTES  BY  CHARLES  V.  WALKER. 

Preliminary  Note  on  Decimal  Notation, 

Trb  complex  and  unphflosophical  system  of  weights  and  measures 
which  has  been  handed  down  to  us  from  our  fiithers  is  a  sore  hinder- 
ance  in  all  numerical  operations.  Not  only  must  the  memory  be 
burdened  with  an  heterogeneous  mass  of  ratios,  but  much  time  must 
be  consumed  in  the  acSud  rnluction  of  values  by  means  of  these 
inconstant  co-efficients.  It  is  to  be  hoped  that  the  time  will  come 
when  these  hinderances  to  the  advance  of  knowledge  shall  be  banished 
from  our  land,  and  when  we  shall  possess,  as  do  our  continental 
neighbours,  a  decimal  system  of  notation.  In  the  meantime,  we 
can  scarcely  help  continuing  to  think  in  terms  fiuniliar  to  us,  and 
using  such  ratios  as  circumstances  have  presented  to  us.  In  the 
present  volume,  the  metrical  and  decimal  measurements  are  retained; 
but,  in  order  that  the  English  reader  may  be  enabled  to  compare 
these  dimensions  with  his  own  standard,  I  have  given  a  table,  p.  641, 
containing  the  values  of  such  measoiements  as  present  themselves  in 
these  pages. 

The  METRE.^The  unity  of  linear  measurements,  and  the  base 
also  of  weight,  is  the  metre.  It  is  the  ten-millionth  part  of  the  quarter 
of  the  meridian  of  the  earth.  The  original  standard,  made  of  plati- 
num, was  deposited  in  the  Archives  of  France  on  the  4th  of  Messi- 
dor,  in  the  year  Seven  ;  and,  when  it  is  at  the  temperature  of  freezing, 
it  gives  the  legal  length  of  the  metre.  Its  true  value  in  English  inches 
is  39,37079.  Taking  this  name  as  unity,  the  notation  is  carried  on 
by  a  certain  set  of  prefixes  to  indicate  tens,  hundreds,  &c.  of  this 
unit,  and  another  certain  set  for  tenths,  hundredths,  &c.  as  shewn  in 
the  following  table: — 

metrss. 

Myria-metre  =  10000  =     6,2138  miles. 

KUo-metre     =    1000  =      0,6213      „ 

Hecto-metre  =100  =  109,3638  yards. 

Deca-metre   =       10  =  10,9363     „ 

Metre   =         1  =      1,0936      „ 

Deci-metre    =         0,1  =     3,9371  inches. 

Centi-metre  =         0,01  =     0,3937     „ 
MUU-metre    =         0,001  =      0,0393      „ 

In  the  right-hand  column  I  have  given  the  values,  not  in  one  name, 
but  in  the  terms  of  our  standard,  wUch  would  be  employed  in  parallel 
cases.  Of  these  measurements,  two  are  of  very  constant  occurrence 
throughout  the  volume,  the  putre  and  the  miUimetre.    Three  othcra, 
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tiie  wtjfriametref  itlomefre,  and  deeimeire,  ooeor  oeeaaoiiaUy ;  the 
otbcn  uc  nrdy  eD[iplo3^ed  liere*  FVir  gpmter  conTenience  of  reference 
these  five  terms  are  abstracted,  and  the  values  of  their  reapectiye 
dBgits  are  given  in  the  table,  p.  Ml.  Tliis  plan  of  presenting  the 
vvne  of  eadi  digit  will  be  foand  very  oonvcnient  fbr  ready  refereoee. 

The  wutre  is  constantly  applied  to  soeh  dimmsions  as  we  ahovld 
express  in  yards,  or  ooeasioiuJly  fSset,  as,  for  instance,  the  heights  of 
mountains,  short  distances,  &e.  its  approximate  value  is  one  yard 
and  one-twelfth;  so  that  any  height  expressed  in  metres  may  be 
roughly  converted  into  yards,  by  adding  to  it  one-twelfth.  For 
correct  redactions  the  digital  table  is  thus  used : — 

Any  number  of  metres  being  given,  to  convert  them  into  fret 
the  value  of  the  mmtM-digii  is  taken  from  the  table ;  beneath  this  is 
placed  (one  space  more  to  the  left)  the  value  of  the  ten-digUs 
beneath  this  and  one  more  to  the  left,  the  hMmdrtdi'digU,  and  so  on  ; 
tf  there  are  decimals,  the  value  of  the  tentht^digit  is  plaeed  under  that 
of  the  tmUit  but  one  space  to  the  right ;  for  example : — 

Height  of  the  Faulhom  =  11672  metres. 

metros*  ivet. 

2  =        6,5617 
70=    399,669 
600  s  1968,53 
9000  =  6561,7 


8766,4537  fret. 

Column  of  water  equalling  the  mercurial  column  =  10,9  metres. 

metres.  feet. 

0,    =    0, 
0,9  s=      ,65617 
10,0  =  39,808 


33,46417  feet. 

These  results  will  not  come  out  so  accurate  by  ordinary  calcula- 
tion, unless  the  work  is  increased  by  the  use  of  another  <»*^"*nl 
figure. 

The  mUUmeire  is  chiefly  employed  in  reference  to  the  height  of  the 
barometer ;  the  general  method  of  conversion,  and  general  values,  will 
be  given  in  Note  A;  see  also  the  second  column  of  the  table.  Accurate 
results  may  be  obtained  from  the  accompanying  table  by  the  method 
which  has  just  beon  given  for  metres. 

The  kilometre  and  myriametre  are  employed  for  long  distances,  on 
which  account  their  value  is  riven  in  Engli^  miles. 

Sevoal  other  terms  of  dimension  occur  in  tiie  course  of  the 
volume ;  these  are  collated  at  the  top  of  the  second  M)liimn  of  the 
table,  together  with  their  values,  in  the  most  convenient  terms, 

Chramme. — ^The  unity  of  weight  is  the  gramme;  it  is  tlie  wdght  In 
vacuo  Oi  a  cubic  centimetre  (,06109  cubic  inches)  of  distiUed  water, 
at  the  temperature  of  4''  cent.  (39,9  F).  Prefixes  are  employed  wiA 
the  gramme,  similar  to  those  used  for  measures.  I  have  riven  in  the 
table  digital  tables  of  the  terms  chiefly  employed  in  tUs  volume ; 
jiamdy,  deeigrammetf  grammtBt  and  kUogramme^, 
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DIGIT Ali  TABLE  OF  TBENCH  MBA8UBS8,  WITH  E11GLI8H  VALUES 

ATTACHED. 


I 
I 


i 


§1 


{ 


I 

14 


I 


1 

2 
3 

4 
6 
6 

7 
8 
9 

«-l 
3 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 

4 
5 
6 
7 
8 
9 

1 
3 
3 

4 
5 
6 
7 
8 
9 

1 
2 
3 

4 
5 
6 
7 
8 
9 


,0393  inches. 

,0787  „ 

,1181  „ 

»I«74  „ 

,1968  „ 

,2362  „ 

,2756  „ 

,3149  „ 

,3643  „ 

3,937  inches. 

7,874  „ 
11,811 
16,748 
19,687 
23,622 
27,659 
31,496 
35,433 


tf 


3,2808  feet. 

6,6617  „ 

9,8426 
13,1236 
16,4044 
19,6863 
22,9662 
26,2471 
29,6280 


,1 
tf 
,r 
»f 
f» 
f» 
ft 


,6213  miles. 
1,2427 
1,8641 
2,4855 
3,1069 
3,7283 
4,3497 
4,9710 
6,5924 


,» 
,» 

If 
I, 

„ 


6,2138  miles. 
12,4277 
18,6415 
24,8554 
31,0693 
87,2831 
43,4970 
49,7108 
55,9247 


„ 
*, 
ft 
ft 
ft 
ft 
tf 


Square  metre    »  1,196  sq.  yds* 

Square  centi-  )         ...       .    . 
metre  P    ,156  sq.  inches. 

Hectare  «  2,4711  acres. 

^^rtS."^    }- 36.317  cub.  fert. 

Cubic  decimetre    »  61,028  cub.  in. 
Cubic  centimetre  »      ,06102  „ 
Cubic  millimetre  »      ,00006  „ 
30  in.  »  762— 

1  „    «    25,4- 

!■■    —  ^  in.  nearly. 


1,5438  qrs.  troy. 

3,0876 

4,6314 

6,1762 

7,7190 

9,2628 
10,8066 
12,3064 
13,8942 


ff 

,t 
ft 
ft 
ft 
ft 
ft 
f, 


i  B    16,438  qrs.  troy. 

I  »    30,876      „ 

I  »  46,314 
54=  61,762 
"     ->  =    77,190 

\  »    92,628 

r  =  108,066 

i  =^  123,604 

)  ~  138,942 


ft 
ft 
ft 
ft 
ft 
t, 
ft 


2,2066  l^*'^^*'^'" 

4,4110 

6,6166 

8,8220 
11,0276 
13,2330 
15,4385 
17,6440 
19,8496 
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NoTB  a.  {vide  p.  7.) 

To  have  converted  the  centigrade  degrees  of  this  treatise  into 
tiiose  o^the  scale  to  which  the  English  reader  is  more  aocnstomed,  to 
wit,  Fahrenheit's,  would  not  only  have  detracted  greatiy  from  the 
spirit  of  the  author,  but  would  have  seriously  intorfered  with  M. 
Lalanne's  valuable  graphic  delineations,  aU  of  which  are  con- 
structed for  the  centesimal  scale;  such  a  conversion  would  have 
faivolved  the  re-construction  of  the  several  delineations ;  and  the 
reader  would  thus  have  been  deprived  of  the  authentic  curves  as  they 
have  been  accurately  constructed  by  the  talented  ^hrench  mathemati- 
cian. Therefore,  as  temperatures  will  be  set  before  the  reader  in 
terms  to  which  he  is  not  habitually  familiar,  it  may  not  be  amiss  to 
give  him  as  much  facility  as  possible  for  the  ready  interpretation  off 
these  expressions. 

The  height  of  the  thermometer  will,  as  we  have  said,  always  be 
expressed  in  centigrade  degrees.  In  addition  to  what  is  to  be  gatiiered 
firom  the  text,  let  him  remember  that,  as  5  centigrade  equal  9  of 
Fahrenheit's  degrees,  each  centigrade  degree  is  equal  to  i^|  or  l*,8 
of  Fahrenheit's  scale ;  so  that,  whenever  he  finds  mention  made^ 
as  he  will  very  frequentiy,  of  a  rise  or  tall  of  1'  in  the  temperature, 
he  can  appreciate  the  effect  on  Fahrenheit's  scale,  by  regardin^p 
the  change  as  equal  to  l'',8. 

If  the  converse  case  is  taken,  and  he  desires  to  compare,  as  posa- 
bly  he  may,  the  effect  of  a  change  of  1**  F.,  with  the  results  contained 
in  any  of  the  tables  in  this  treatise,  he  will  have  the  following  value : 
9*"  F.  =  5"*  C. ;  and,  therefore,  1"  F.  =  0%56  centigrade. 


Note  b.  (vide  p.  14.) 

The  tables  contained  in  pp.  15  to  18  are  expressed  in  centigrade 
d^rees,  each  one  of  which,  as  was  expluned  in  the  previous  note,  is 
equal  to  l",8  of  Fahrenheit's  scale ;  but,  as  the  zero  of  the  centi- 
grade (which  corresponds  to  the  freezing  point)  is  numbered  32^  on 
Fahrenheit's  scale,  it  is  obvious  that,  after  every  conversion  from 
the  table  into  Fahrenheit's  scale,  32°  must  be  added.  As  illus- 
trations from  the  table  before  us,  pp.  15,  16,  take  October  at  eleven 
o'clock,  when  the  temperature  is  8^,00  C. 

8*  X  1,8  «  14,4  +  32  =  46«,4  F. 

September,  at  the  23d  hour : — 

ir  X  1,8  «  30,6  +  32  «  62°,6  F. 

(I  It  is  very  desirable  to  be  able  readily  to  Affect  approximate  con- 

versions, without  recourse  to  any  thing  furtner  than  mental  calcula- 
tion ;  fortunately,  a  very  simple  process  presents  itself.  It  consists 
merely  in  doubling  the  tabular  number,  and  deducting  one-tenth  of 
the  product ;  of  course,  adding  32  as  usual ;  if  the  whole  of  the  ope- 
ration is  retained,  the  result  is  accurate ;  but,  when  the  H#w»iii^f^i 
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figores  tre  omitted,  an  approzlniate  yalue  of  mach.  general  vm  is 
oEtained.    For  example,  in  the  cases  given  above : — 

8  X  2  »  16  —  1,6  »  14,4  +  32  »  46,4 
17  X  a  »  34  —  3,4  a  30,6  +  33  »  62,6 

To  take  otber  eases ;  December,  at  the  21st  boor : — 

1,99  X  2  »  3,98  -,396  »  3,582  +  32  =i  36,582 

Or,  for  a  rongb  approiimation : — 

1,9  X  2  »  3,9  —  ,39  a  3,51  +  32  »  35,51 

A  few  more  approximations,  followed  by  the  real  valnes,  will  far- 
ther illustrate  the  operation: — 

April,  lOh.    8,9  X  2  a  17,8  -  1,78  »  16,02  +  32  »  48,02 

real  value  =16,074  +  32  =  48,074 

June,  15h.     10,79  x  2  »  21,6  —  21,6  »  19,44  +  32  »  51,44 

real  value  »  19,422  +  32  »  51,422 

Jan.,  8h.     —2,05  x  2  »  —  4,1  —  ,41  »  —  3,69  +  32  »  28,31 

real  vahxe  «  —  3,69  +  32  »  28,31 

The  above  rule  is  merely  given  for  the  convenience  of  the  reader ; 
to  enable  him,  as  he  reads,  to  convert  in  a  moment  one  value  into  the 
other  some :  such  device  is  called  for,  because,  when  we  have  been 
long  accustomed  to  think,  as  it  were,  in  a  beaten  track,  it  is  some- 
what a  difficult  task  to  remodel  our  confirmed  liabit.  As  the  converse 
case  does  not  here  come  into  requisition,  it  may  be  passed  over. 

Note  e,  (vide^.  61.) 

The  distinction  given  in  the  text  between  gatet  and  eopotirt  is 
true  under  ordinary  circumstances  :  but  gasei  do  not  always  remain 
in  the  gaseous  state ;  for,  when  subjected  to  great  pressure,  many  of 
them  luive  been  condensed  into  a  liquid  form.  For  these  discoveries, 
we  are  indebted  to  the  skill  and  perseverance  of  Faraday.  His 
mode  of  manipulation  is  thus  described  in  brief  by  Mr.  Brande.* 

**  Mr.  Faraday  condensed  the  gases  by  exposing  them  to  the 
pressure  of  their  own  atmospheres.  He  put  the  materials  for  produe- 
mg  them  into  a  strong  glass  tube,  a  little  bent  in  the  middle  and  her- 
metically sealed.  When  necessary,  heat  was  applied ;  and,  when  the 
pressure  within  became  sufficient,  the  liquid  inade  its  appearance  at 
the  empty  end  of  the  tube,  wliich  was  artificially  cooled  to  assist  in 
the  condensation.  In  these  experiments  much  danger  is  incurred, 
from  the  bursting  of  the  tubes ;  so  that  the  operator  should  protect 
his  fooe  by  a  mask,  and  his  hands  by  thick  gloves.  He  succeeded  in 
liquifying  the  fo]l<ming  gases,  which,  it  wiU  be  seen,  require  various 
degrees  of  pressure  for  the  purpose : — 

*  Fide  Bbakdk's  Momud  qf  Chtmistry,  p.  186. 
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Carbonic  Add  Oat. — Of  these  gases  there  is  one,  carbonic  add, 
with  which  we  have  become  familiar  in  a  soUd  form.  The  condition 
for  its  assuming  this  form  presents  the  most  fordble  illustration  we 
have  of  a  great  law  in  nature,  whidi  plays  a  most  important  part  In 
the  domain  of  meteorology,  namdy,  the  absorption  of  heat  during 
evaporation,  and  the  consequent  production  of  cold.  Carbonic  add, 
Sn  ue  gaseous  state,  is  a  colourless,  aeriform  fluid,  perfectly  unrespi- 
rable,  of  a  specific  gravity  represented  by  1,53,  air  bdng  1.  It  is 
a  compound  of  carbon  and  oxygen,  and  is  produced  abundantiy  in  all 
cases  of  combustion  ;  it  is  also  exhaled  from  the  lun^.  Porter,  ale, 
champagne,  and  many  mineral  waters,  derive  their  briskness  firom  the 

Sresence  <rf  this  gas,  which  is  grateful  to  tiie  digestive  organs,  though 
deterious  to  the  lungs.  It  exists  in  small  quantities  ki  the  atmo- 
sphere ;  less  than  ,01  per  cent.  It  is  artificially  procured  by  acting 
on  marble  with  dilute  muriatic  add ;  or,  on  a  luge  scale,  by  acting 
<Hi  dialk  with  <Ulute  sulphuric  add. 

Liquid  Carboxie  Acid. — After  Faraday's  researches  had  exhi- 
bited carbonic  add  in  this  new  form,  M.  Thilorier  devised  appa- 
ratus for  producing  it  in  large  quantities,  and  in  safety ;  Mr.  Addaji a, 
of  Kensington,  has  greatly  improved  upon  these  instruments;  and 
he  now  manufiustures  it  on  a  large  scale,  and  even  as  an  artide  of 
commerce ;  for  he  tells  me  that  he  has  actuaUy  sent  it  in  the  solid 
form  to  America.  We  are  not  called  upon  in  this  Treatise  to  enter 
into  the  details  of  the  process : — Let  the  reader  imagine  a  strong  iron 
cylinder,  four  feet  long  and  two  inches  internal  diameter,  of  sufBdent 
strength  to  resist  4000  lbs.  on  the  square  inch.  Bicarbonate  of  soda, 
water,  and  sulphuric  add,  are  placed  in  this  cylinder ;  and,  when  all 
the  valves  are  secured,  it  is  inverted  so  as  to  mix  the  ingredients. 
The  generation  of  the  gas  immediatdy  commences ;  and,  as  it  has  no 
means  of  escape,  it  exots  the  pressure  of  its  own  dasticity  on  itsd^ 
and  is  comprised  into  a  liquid,  the  specific  gravity  of  whidi  is  lighter 
than  that  of  the  solution  of  sulphate  of  soda,  now  contained  in 
the  vessel,  so  that  it  floats  on  the  surface.  By  connecting  tUs  vessd 
with  a  recdver,  of  a  similar  character  as  to  strength,  the  liquid  car- 
bonic add  is  distilled  off  spontaneously ;  which  process  is  accderated 
by  a  mechanical  contrivance  introduced  by  Mr.  Addam a. 

SoUd  Carbonic  Add. — When  we  reflect  that  the  liquid  add  is  hdd 
down  by  a  pressure  of  not  less  than  thirty-six  atmospheres,  we  can 
readily  imagine  the  force  with  which  it  would  escape,  when  the  orifioe 
is  open,  and  the  rapidity  with  which  it  would  expand.  Indeed,  so  great 
and  so  rapid  is  its  change  of  form,  that,  while  one  part  passes  into  the 
normal  gaseous  state,  another  part  is  actually  fi^xen,  on  account  of  tht 
immense  quantity  of  heat  abstracted  during  the  violent  evaporation. 
By  a  little  contrivance  this  firozen  portion  is  retained  in  a  dntw^oni 
box;  it  resembles  snow  in  appearance;  when  handled,  it  does  not 
fsel  very  cold,  although  actually  ]48»  below  the  sero  of  Fahrbnhbit: 
nor  does  it  under  these  circumstances  freexe  mercury.    The  cause  of 
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thlB  anomaly  is  the  extreme  dUBcnlty  of  bringing  ibrdgn  bodies  into 
eontaet  with  the  add ;  a  film  of  its  own  vapoor,  which  to  entirely  void 
of  eondnctinff  power,  and  has  very  little  capacity  for  lieat,  interrenes. 
But  when  a  Uttle  ether  is  added,  contact  is  eflRDcted,  and  the  most  in- 
tense eold  is  developed.  Mr.  Addams  frose  ten  pounds  of  mercury 
bk  less  than  eight  minutes :  he  also  kept  a  large  hunp  of  the  solid 
earbonie  add  in  a  red  hot  crudble  for  one  minute,  and  then  frose  with 
it  a  pound  of  mereury.  These  phenomena  are  an  extreme  case  of  the 
effects  oi  evaporation,  of  whidi  we  shall  see  the  Tarious  phases  in  the 
eourse  of  this  volume. 


Note  d.  {vide  p.  78.) 

Prof.  Daniell*s  hygrometer  consists  of  a  glass  tube  bent  twice 
at  right  angles ;  it  has  a  thin  glass  bulb  at  each  end ;  one  of  the 
bulbs,  B,  contains  ether,  and  also  the  bulb  of  a  smalland  very  delicate 
thermometer  induded  in  one  arm  of  the  instrument.  As  all  air  is 
cxduded  from  the  tube,  its  entire  space  is  filled  with  the  vapour  of 
etlier.  The  other  bulb.  A,  is  tightly  covered  with  a  piece  of  fine  mus- 
Un.  The  method  of  using  the  instrument  is  to  let  a  fSew  drops  of  good 
ether  ftll  upon  the  muslin  of  the  bulb  A ;  the  quick  evaporation  of  the 
ether  cools  the  bulb,  and  the  cold  thus  produced  condenses  the 
ethereal  vapour  contained  in  the  bulb :  but  the  place  of  the  condensed 
ytpoQT  is  Buoplied  by  a  fresh  portion  arising  frtnn  the  ether  inclosed 
in  the  bulb  B,  and  the  temperature  of  this  latter  bulb  B  is  reduixd  by 
the  act  of  evaporation;  the  Induded  thermometer  indicates  tibe 
amount  of  this  reduction.  Now,  as  the  ether  continues  evaponting 
fiwn  the  muslin  of  the  bulb  A,  the  condensation  within  A,  and  the 
evaporation  within  B,  with  the  consequent  production  of  cold,  goes 
on,  so  that  the  temperature  of  B  continues  falling ;  and,  like  any 
other  cold  body,  it  has  a  tendency  to  increase  the  deposition  on  ite 
surface  oi  any  moisture  which  may  be  contained  in  the  air ;  the  time, 
or  ratiier  the  temperature,  at  which  this  deposition  vdll  occur,  en- 
tirely depends  on  the  hygrometric  state  of  the  atmosphere. 

"  In  very  humid  atmospheres  the  thermometer  will  scarody  have 
fallen  a  degree  before  a  ring  of  moisture  is  evidoit  on  B,  coinciding 
with  the  surfooe  of  the  induded  etiier,  and  bdng  the  point  of  lowest 
temperature:  in  dry  atmospheres,  on  the  other  himd,  it  will  be 
necessary  to  reduce  the  temperature  of  the  induded  thermometer  by 
the  continuous  evaporation  of  ether  from  the  covert  bulb,  many 
degrees,  before  the  ring  of  dew  is  visible.  Now,  the  temperature  at 
wUch  this  ring  of  dew  is  deponted,  or  the  deto-poinii  may  be  aocu- 
ratdy  read  off  upon  the  interior  thermometer,  by  observing  the  degree 
at  which  it  stands  at  the  moment  qf  the  first  appearemce  of  the  ring  t^ 
dew;  and  this  observation  may  be  correctea  or  verified  by  anin 
obsoving  the  temperature  or  degree  at  which  the  ring  qf  dew  vamaheg: 
these  two  observations  seldom  diffier  more  than  a  degree  or  two,  and 
the  mean  may  be  assumed  as  correct ;  for  the  errors,  if  any,  must  lie 
in  opposite  cUrections.  Ihere  is  a  second  or  external  thermometer 
attached  to  this  instrument,  whidi  shews  the  temperature  of  the  air 
at  the  time  of  making  the  observation ;  and  tiie  difference  between 
the  two  thermometers  at  that  time  gives  the  exact  temperature  re- 
quired for  the  depodtion  of  the  aSrial  moisture,  or  is  the  dew-point ; 
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the  extent  of  this  difference  is  as  the  dryness  of  the  air,  and  may  tlm 
be  nscMd  as  an  hygrometiic  term.  On  one  day,  for  instance,  the 
external  thermometer  being  60%  the  internal  fell  48**,  before  the  rin^ 
of  dew  appeared ;  on  another  day,  the  external  thermometer  stood  at 
66°,  and  the  internal  had  only  fallen  to  64**,  when  the  dew-rin^ 
appeared ;  here,  therefore,  the  degree  of  dryness  might  be  called  1? 
in  the  former,  and  2**  in  the  latter  case.  It  is  obvious,  then,  in  regard 
to  this  instrument,  that  it  furnishes  a  yery  ready  and  exact  m^bod 
for  the  determination  of  the  deW'point. 

**  By  means  of  the  dew-point  accurately  ascertained,"  Mr.  Da- 
NiKLL  observes,  **  many  points  of  the  utmost  interest  to  chemical 
and  meteorological  science  may  be  determined.  By  mere  inspection 
of  tables  properly  constructed,  we  can  at  once  determine  the  elasticity 
and  density  of  the  aqueous  vapour, — ^its  weight  in  a  cubic  foot  of  the 
air, — the  degree  of  dr3^ess,  either  upon  the  thermometric  or  the  hy- 
grometric  scale,  and  the  rate  of  evaporation;  when  the  air  is  saturated, 
the  precipitation  is  instantaneous, «.  e.  the  dew-point  coincides  with  the 
temperature  of  the  air.  In  this  country,  the  dt^ree  of  dryness  mea- 
sured in  thermometric  degrees  seldom  reaches  30^ ;  that  is  to  say,  the 
dew-point  is  seldom  30^  below  the  temperature  of  tiie  air ;  but  in  the 
Deccan,  with  a  temperature  of  90*>,  the  dew-pcnnt  has  been  seen 
as  low  as  29",  making  the  degree  of  dryness  61°. 

"  The  more  accurate  mode,  however,  of  expressing  the  mcnsture 
of  the  air  from  an  observation  of  the  temperature  and  dew-point* 
is  by  the  quotient  of  the  division  of  the  elasticity  of  vapour  at  the 
real  atmospheric  pressure,  by  the  elasticity  at  the  temperature  of  the 
dew-point ;  for,  calling  the  term  of  saturation  1000,  as  the  elasticity 
of  vapour  at  the  temperature  of  the  air  is  to  the  elasticity  of  vapour 
at  the  temperature  of  the  dew-point,  so  is  the  term  of  saturation  to 
the  observed  degree  of  moisture.  Thus,  with  regard  to  the  observa- 
tion in  the  Deccan, 

1,430  :  0,194  :  :  1000  :  135. 

**  The  fourth  term  is  the  degree  of  moisture,  or  the  hygrometiic 
scale."* 

Note  e.  {vide  p.  10.) 

A  simple  and  very  effectual  method  of  preparing'  a  thin  film  that 
will  endure  for  several  hours,  and  thus  give  ample  tmie  for  studying 
the  order  and  extent  of  the  several  coloured  rings  or  belts  is  this : — K 
four  or  six -ounce  vial  is  one-third  filled  with  rain  or  distilled  water, 
and  into  it  is  placed  a  piece  of  yellow  soap,  not  larger  than  a  pea. 
The  contents  of  the  vial  are  now  brought  to  the  boiling  point,  or 
nearly  so ;  and  while,  by  this  means,  all  the  atmospheric  air  is  expelled 
from  within,  the  vial  is  closed  and  removed  from  the  source  of  heat ; 
and,  when  cold,  is  ready  for  use.  The  mode  of  using  it  is  to  give  it  a 
short  horizontal  shake  (the  exact  method  of  which  wOl  be  learned 
from  a  fiew  attempts),  so  as  to  form  a  film  across  the  vial ;  if  cleverly 
shaken,  a  single  film  may  be  obtained.  Such  a  film  is  rarely  quite 
parallel  to  the  horizon,  it  dips  slightly :  so  that  the  vrater  slowly 
flows  to  the  lower  end  ;  and,  after  a  minute  or  mora,  coloured  bands 

*  FNle  Bbanm's  JfimiiaA  p.  449.    Also  DAKiau.'s  j;«f^rv- 
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make  tbdr  appearance  at  tlie  upper  edge :  tbeae  travel  gently  onward, 
and  are  followed  by  others :  the  earlier  belts  are  narrow,  the  later  are 
nrach  wider.  The  whole  film  is  soon  occupied  by  the  coloured  belts ; 
and  in  due  course  they  all  pass  onward,  and  successively  disappear 
at  the  lower  edge  of  the  (Use.  The  respective  colours  pass  into  each 
other  through  the  intermediate  tints.  After  the  coloured  belts,  there 
arrives  a  broad  belt  of  white,  which  is  succeeded  by  a  black  belt,  that 
terminates  the  phenomena;  but  the  transition  from  the  white  to 
black  is  sudden,  and  is  distinctly  defined  by  a  straight  line.  Words 
are  inadequate  to  express  the  beauty  of  these  tints  when  viewed  by 
reflected  light,  or  looked  a/ ;  nor  is  language  able  to  enumerate  the 
various  hues.  When  viewed  by  transmitted  light,  or  looked  through 
(and  this  requires  a  little  management),  the  complementary  colours 
are  seen.  I  have  had  a  iilm  (^  this  kind  in  existence  for  ten  or  a 
dosen  hours ;  at  the  end  of  whidi  period,  all  the  coloured  belts  and 
the  white  had  passed  away,  and  notiiing  remained  but  a  black  disc, 
which,  by  transmittCMl  light,  was  white. 


NoTs/.  {vide  p.  149.) 

The  following  description  of  the  actinometer  is  extracted  firom  the 
Instructions  published  by  the  Royal  Society  : — 

*'  Hiis  instrument  consists  of  a  large  hollow  cylinder  of  glass  sol- 
dered at  one  end  to  a  thermometer-tuM,  terminated  at  the  upper  end 
by  a  ball  drawn  out  to  a  point  and  broken  off,  so  as  to  leave  Uie  end 
open.  The  other  end  of  the  cylinder  is  closed  by  a  silver,  or  silver- 
putted  cap,  cemented  on  it,  and  furnished  with  a  screw,  also  of  silver, 
passing  through  a  collar  of  waxed  leather,  which  is  pressed  into  forc- 
ible contact  with  its  thread,  by  a  tightening  screw  of  large  diameter 
enclosing  it,  and  working  into  the  silver  cap,  and  driven  home  by  the 
aid  of  a  strong  steel  key  or  wrench,  which  accompanies  the  instru- 
ment. 

'*  The  cylinder  is  filled  with  a  deep  blue  liquid  (ammonio-sulphate 
of  copper^,  which  ought  to  have  been  prepared  some  months  before- 
hand, as  It  deposits  a  sediment  when  fresh,  however  clear  or  carefully 
filtered.  This  sediment,  if  deposited  in  the  interior  of  the  instrument, 
may  be  washed  out  with  weak  muriatic  add,  which  should  itself  be 
removed  by  water  before  refilling  the  instrument;  and  the  ball  at 
the  top  bcinr  purposely  left  fall  of  air,  and  the  point  dosed  with 
mdted  wax,  it  becomes,  in  any  given  position  of  the  screw,  a  ther- 
mometer of  great  delicacy,  capable  of  bdng  read  off  on  a  divided 
scale  attached.  The  cylixuler  is  indosed  in  a  chamber  blackened  on 
three  sides,  and  on  the  fourth,  or  face,  defended  from  currents  of  air 
by  a  thick  glass  removable  at  pleasure. 

**  Theaction  of  the  screw  is  to  diminish  or  increase  at  pleasure  the 
capadty  of  the  hollow  of  the  cylinder,  and  thus  to  drive,  if  necessary, 
a  portion  of  the  liquid  up  faito  the  ball,  which  acts  as  a  reservoir ;  or, 
if  necessary,  to  draw  back  from  the  reservoir  such  a  quantity  as  shall 
just  fill  it,  leaving  no  bubbles  of  air  in  the  cylinder. 

**  To  we  the  inttrument,  examine  first,  whether  there  be  any  air  in 
the  cylinder,  which  is  easily  seen  by  holding  it  level,  and  tilting  It, 
when  the  air,  if  any,  will  be  seen  to  run  along  it.  If  there  be  any, 
bold  it  upright  In  the  left  hand,  and  the  air  wul  ascend  to  the  root  of 
the  thermometer-tube.    Then,  by  altematdy  screwing  and  unscrew- 
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ingtke  Mrewwltk  the  riglit  ImbmI,  as  tihe  cMe  m^  reqiDre,  it 
alwmya  be  pniiiable  to  drive  the  air  o«t  of  the  cfliiite 
aod  melt  dinm  liqaid,  if  aay,  Iram  tiie  baU  to  nnily  its  plaee,  til 
air  is  entirely  efaeoated  tnm  tiie  cyfiader,  and  tiie  lalter,  as  wcH  as 
the  wfacde  stem  of  the  thsnooBBeto-tobe,  is  fan  of  the  liqnd  ia  an  an- 
orokcik  eotapuim*    ^wa^  holnag^  it  hofiaDataliy»  nee  apwrasy  slowly 
aad  canftioaaly  anscrev  the  screw,  till  tlie  liqaid  letieata  to  die 
ef  the  scale. 

"  The  upper  bolb  is  drawa  oat  into  a  fine  tahe,  wlneiL  is 
withwasu  When  it  is  aeeded  to  cssptf,  deaase,  aad  reiU  the 
■teat,  liqaid  mnst  trst  be  foreed  up  into  the  bajly  so  as  to 
tiieairiatt.  On  watming  the  ena*  tlie  wax  wiE  be  foreed  out, 
tiw  screw  beiag  then  totally  anscrewed  and  tike  Uqnor  ponred  oaty  the 
Ulterior  of  the  iastrament  may  be  washed  with  water  sfightly  acidn- 
lated,  and  the  tabe,  ball,  &e.  ckansrd,  in  the  same  way ;  afta 
the  wax  most  be  replaced,  and  the  instnnneat  refilled. 

"  To  muUte  am  observaHom  toitk  the  acHnomeier,  tiie  ohaei¥ci 
station  himself  in  the  snnshine,  or  in  some  sharply  tenninated 
shadow,  so  that,  withont  inconvenience,  or  materially  altering  hb 
Btnation,  or  the  exposure  of  the  instroment  in  other  icspccts,  he  can 
hold  it  at  pleasnre,  either  in  foil  snn  or  total  shadow.  If  placed  in 
the  son,  he  mast  provide  himself  with  a  screen  of  pasteboard  or  tin 
plate,  large  cnongn  to  shade  tiie  wlicde  of  the  lowo'  put,  or  duunber 
of  the  instroment,  wliich  should  be  placed  not  leas  than  two  leet 
from  the  instroment,  and  should  be  removable  in  an  instant  of  time* 
Hm  best  station  is  a  room  with  closed  doors,  before  an  open  window, 
or  under  an  opening  in  the  roof  into  which  the  sun  shines  fredy. 
Draughts  of  air  should  be  prevented  as  much  as  possible.  If  the 
observations  be  made  out  of  doors,  shelter  from  guts  of  wind,  and 
freedom  from  all  penumbral  shadows,  as  of  ropes,  rigging,  bran^cs, 
Ac,  should  be  sought.  Generally,  the  more  the  obeerver  is  at  his 
ease,  with  his  watch  and  writing-table  beside  him,  Qw  better.  He 
shoidd  have  a  watch  or  chronometer  beating,  at  least,  twice  hi  a 
second,  and  provided  with  a  second  hand ;  abo  a  pencfl  and  paper 
ruled,  according  to  the  form  subjoined,  for  registering  the  observa- 
tloB.  Let  him  then  grasp  the  instrument  in  Us  left  hand,  or,  if  he 
have  a  proper  stand  (whicn  is  preferable  on  shore  or  in  a  bnildSng),* 
otherwise  firmly  support  it,  so  as  to  expose  its  fiioe  perpendicularly 
to  the  direct  raTS  of  the  sun,  as  exactly  as  may  be. 

"  The  liquid,  as  soon  as  exposed,  will  mount  rapidly  in  the  stem. 
It  should  be  allowed  to  do  so  for  three  or  four  minutes  before  flie 
observation  begins,  taking  care,  however,  not  to  let  it  mount  into 
the  bulb,  by  a  proper  use  of  the  screw.  At  the  same  time  the  tube 
should  be  carenilly  cleared  (by  the  same  action)  of  all  small  broken 
portions  of  liquid  remaining  in  it,  which  should  all  be  drawn  down 
rato  the  bulb.  When  all  is  ready  for  observation,  draw  the  liquid 
down  to  zero  of  its  scale,  gently  and  steadily ;  place  it  on  its  stand, 
with  its  screen  before  it,  and  proceed  as  follows : — 

''  Having  previously  aseertained  how  many  times  (suppose  90)  the 
watch  beats  m  five  seconds,  let  the  screen  be  withdrawn  at  ten 

*  **  Thia  may  oondst  of  two  desl  boArda,  eighteen  inches  long,  connected 
by  a  hinge,  and  kept  st  any  required  angle,  by  an  iron  pointed  at  each  end. 
^nie  upper  sbonld  have  •  little  rabbet  or  moulding,  fitting  looedy  round  the 
sednometer,  to  prevent  Iti  allpplng  off.* 
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Moonds  bflAm  a  coiplete  mfarate  sliewii  by  thA  watch,  svppoM  at 
Qk  14"  60".  From  50*  to  65",  layO,  0,0,  ...at  each  beat  of  toe  watch, 
looking  meanwUk  that  all  is  right.  At  65*  complete,  count  0,1,2,... 
up  to  90  beate,  or  to  the  whole  minntes,  3*  15*  0*,  keeping  the 
eye  not  on  the  watch,  but  on  the  end  of  the  rising  column  of  lx|nid. 
At  the  aoth  beat  read  of,  and  mister  the  reading.  Then  wait 
wateUng  the  eolvmn  of  air  above  the  liqoid,  to  see  uat  no  blebs  of 
lii|«id  are  in  it,  or  at  the  opening  of  the  npper  bnlb,  which  will  eanse 
liM  moremeat  of  the  ascending  cofaam  to  be  performed  by  starts* 
till  the  minnte  is  nearly  elapsed. 

*'At  the  50lh second  bcoin  to  watch  the  liquid  rising;  at  66>  begin 
to  count  0, 1, 2,  vp  to  20  beats,  as  before,  attenti¥ely  watchine  the 
rise  of  the  liquid;  and,  at  the  90th  beat,  or  complete  mmate 
(^  10*  0"),  read  off,  and  instantly  shade  the  instrument,  or  with* 
oiaw  it,  JMMt  oh/  of  the  sun  and  penumbra.  Ilien  roister  the 
reading  oif,  and  prepare  for  tlie  shade  obsermtion.  All  tUs  may  be 
done  witluNit  hurry  in  90  seconds,  with  time  also  to  withdraw  the 
screw  if  tiie  head  of  the  oobmm  be  inconveniently  hi^  in  the  scatet 
i^ich  is  oAen  re^faired. 

*'  At  the  90th  second  prepare  to  observe,  atthe95thbQgin  to  count 
beats,  0, 1,  9,  ....  90 ;  and  at  the  90th  beat,  1.  e.  at  9^  16"S0>, 
read  off,  and  enter  the  reading  as  the  initial  shade  reading.  Tkok 
wait,  as  before,  till  nearly  a  minute  has  elspsed,  and  at  9^  17"  90", 
again  prepare.  At  17"  95*  begin  to  count  beats ;  at  17"  30*  read  off, 
and  enter  this  terminal  shade  reading,  and  if  needed  withdraw  the 
zero.  Again  wait  90%  in  which  iatenrsl  there  is  time  for  the  entry, 
&c.  At  17"  50*  remove  the  screen,  or  expose  the  instrument  in  the 
sun  ;  at  55*  begin  to  count  beats,  and  at  tkt  complete  minute,  18"  0*, 
read  off,  and  so  on  for  several  altemations,  tahng  core  to  beghi  mtd 
mtd  etuh  weriea  with  a  awn  obaervoHmi,  If  the  instrument  be  held  in 
the  hand,  care  should  be  taken  not  to  change  the  inclination  of  its 
axis  to  the  horizon  between  the  readings,  or  me  compressibility  of  the 
liquid  by  its  own  weight  will  produce  a  very  appreciable  amount  of 
error " 

"  A  complete  actinometer  observation  eannot  consist  of  less  than 
three  sun  and  two  shade  observations  intermediate;  but  the  more 
tliere  are  taken  the  better,  and  in  a  very  dear  sunnv  day  it  is  highly 
desirable  to  continue  the  altemate  observations  for  a  long  raiSy 
even  from  sunrise  to  sunset,  so  as  to  deduce,  by  a  mphical  projec- 
tion, the  law  of  diumal  increase  and  diminatlQin  of  the  solar  rai^a- 
tion,  ^^Uch  will  thus  readUy  become  apparent,  provided  Ihe  perfect 
deamess  of  the  sIet  continue — an  indispensable  condition  in  tline  ob- 
servations, tiie  sliglitest  dottd  or  haze  over  tiie  sun  being  at  once 
masked  bv  a  dindnution  of  resulting  radiation. 

'*  To  detect  audi  haze  or  drras,  a  brown  glass  appHed  before  the 
eve  is  useful ;  and  by  the  hdp  of  such  a  f^ass,  it  may  here  be  noticed 
that  solar  halos  are  verv  frequently  to  be  seen  vHien  the  g^are  of  lisht 
Is  sudk  as  to  aDow  nothing  of  the  sort  to  be  seen  by  tim  ungnaioed 
aye. 

*'  It  is,  as  observed,  essential  that  the  instrument  beazpoeed  a  ftw 
minutes  to  the  sun,  to  raise  its  temperature  in  some  slight  degree. 
If  tUs  be  mot  done,  owing  to  some  cause  not  very  obvious,  the  first 
triplet  of  observations  (sun,  shade,  sun)  wiD  giva  a  radiation  peroep- 
tifaly  In  defect  of  the  trutii,  as  will  become  distinctly  appsrent  on  con- 
tfanung  tlie  series.    But  It  may  be  as  well  for  a  begmner  to  com- 
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mence  at  onoe  reading,  as  soon  as  the  instrument  is  exposed,  and 
rdect  the  first  two  triplets,  by  which  he  will  see  whether  he  has 
all  Ms  apparatus  conyeniently  arranged,  and  get  settled  at  his 
post . . . .  ' 

'*  The  unit  of  solar  radiation  to  be  adopted  in  the  ultimate  reduc- 
tion of  the  actinometric  observations  is  the  actinef  by  which  is  under- 
stood that  intensity  of  solar  radiation,  which  at  a  vertical  inddenoe, 
and  supposing  it  wholly  absorbed,  would  suffice  to  melt  one  millionth 
part  of  a  metre  in  thickness,  from  the  surface  of  a  sheet  of  ice,  hori- 
zontidly  exposed  to  its  action,  per  minute  of  mean  solar  time ;  but  it 
will  be  well  to  reserve  the  reduction  of  the  radiations,  as  expre^cd 
in  parts  of  the  scale  to  their  values  in  terms  of  their  unit,  until  the 
final  discussion  of  the  observations  ....** 

''  The  actinometer  is  also  well  calculated  for  measuring  the  defiid- 
cation  of  heat  during  any  considerable  eclipse  of  tiie  sun,  and  the 
Committee  would  point  out  this  as  an  object  worthy  of  attention  ;  as 
many  eclipses,  invisible  or  insignificant  Li  one  locality,  are  great,  or 
even  total,  in  others.  The  observations  should  commence  an  hour  at 
least  before  the  eclipse  begins,  and  be  continued  an  hour  beyond  its  ter- 
mination, and  the  series  should  be  uninterrupted,  leaving  to  others  to 
vratch  the  phases  of  the  eclipse.  The  atmospheric  drcumstanoes 
should  be  most  carefully  noted  during  the  whole  series." 


NoTB  g,  (vide  p.  176.) 

The  longitudes  throughout  the  book  are  reckoned  from  the  ob- 
servatory at  Paris,  which  is  2°  20^  15"  east  of  London.  To  convert 
them  into  longitude  from  Greenwich,  add  the  above  value  to  east 
longitude,  and  subtract  it  from  west. 


Note  h.  (vide  p.  239.) 

The  scale  of  English  barometers  being  divided  into  inches  and 
decimals  of  inches,  and  that  of  the  Frendi  into  millimetres,  it  were 
well  to  have  a  mental  process  by  which  we  can  readily  obtain  approxi- 
mate ideas  of  the  number  of  indies  contained  in  any  given  quantity  of 
millimetres.  We  have  given,  in  the  introductory  note  (p.  639),  and 
on  the  table  which  accompanies  it,  the  actual  value  in  English  inches 
of  each  unit  of  millimetres.  These  values  may  be  used  for  con- 
versions in  the  manner  described  in  the  note  aJluded  to.  But  for 
rough  estimates,  we  may  avail  ourselves  of  two  or  three  approximate 
general  relations.  For  instance,  the  standard  height  of  the  baro- 
meter, for  certain  comparative  operations,  is  given  as  30  inches ;  this 
corresponds  to  762  millimetres.  An  inch  of  mercury  corresponds  to 
25,4  millimetres :  and,  therefore,  one  millimetre  is  equal  to  about 
one-twenty-fifth  of  an  inch. 

As  the  hdght  of  the  mercurial  column  is  always  represented  by 
several  hundreid  millimetres,  it  would  involve  too  much  error  to  adofit 
the  value  one-twenty-fifth  of  an  inch,  without  indudinp^  a  means  of 
reducing  this  error  to  a  minimum.  The  following  j^an  is  suffidently 
simple,  and  wiU  answer  for  ordinary  purposes :   The  height  of  the 
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merearial  column  bdng  giren  in  miQimetres,  find  the  difference  be- 
tween the  given  height  and  the  standard  height  of  762  millimetres ; 
divide  this  (ttflerence  by  twenty-five,  or,  which  amonnts  to  the  same 
thingi  multiply  it  by  four,  and  point  off  two  figures  for  decimals. 
Then,  as  the  case  may  be,  either  add  this  difference  to  30  inches,  or 
sabtrect  it  from  that  standard  height. 

Examples. 

7e6"»  »  762  +  4  =  30  in.  +  ,16  in.  »  30,16  in. 
The  true  valae  is  30,157  in. 

681">B  =  762  —81  »  30  in.  -3,24  in.  »  26,76  in. 
The  true  value  is  26,81  in. 

779M"i  »  762  +  17  =  30  in.  +  ,68  in.  —  30,68  in. 
The  true  vahie  is  30,669  in. 

These  results  are  nearer  to  the  true  values  in  proportion  as  the 
differences  are  less ;  it  will  be  found  that  a  difference  of  eighty  pro- 
duces a  result  differing  from  the  truth  by  about  one-twenty -fifth : 
so  that  by  calling  80,  79»  and  160,  158,  the  rule  may  become  still 
more  accurate ;  as,  for  instance : — 

602«"  =  762  -160 
Call  this  762  — 158  »  30  in.  —6,32  in.  »  23,68  in. 
The  true  value  is  23,70  in. 

For  low  barometric  ranges,  as  occasion  may  require,  the  standard 
of  685°>|>'  equal  to  25  inches  might  be  adopted. 


NoTBt.  (etdep.335.) 

The  electricity  of  the  atmosphere  is  a  branch  of  meteorology, 
which  has  been  cultivated  on  no  settled  and  systematic  manner  until 
the  present  time.  Indeed,  the  observations  that  have  been  made  at 
the  kew  Observatory,  a  description  of  which  it  is  our  present  purpose 
to  give,  constitute  so  novel  a  feature  in  the  science  that  Mr.  Ron  alob, 
whose  whole  time  and  talents  appear  to  be  enthusiastically  devoted  to 
perfecting  them,  says,  in  the  Report  submitted  to  the  British  Associa- 
tion at  the  meeting  at  York  (1844),  that  they  must  be  rather  regarded 
as  experimental  and  educational  than  otherwise.  As  the  admirable 
arrangements  at  this  observatory  will  form  a  model  for  the  guidance 
of  others,  we  will  give  them  in  detail ;  and  wiU  print,  for  the  sake  of 
illustration  and  general  instruction,  the  Journal  for  the  first  fort- 
night of  the  montii  of  August.  The  Report  of  the  Association  read 
at  Cork  (1843),  says,  ''The  Committee  has  paid  more  immediate 
attention  to  this  suqject  on  account  of  its  importance  in  connexion 
with  the  system  of  simultaneous  magnetic  and  meteorolc^cal  obser- 
vations now  m»if<ng  on  various  points  oi  the  earth's  surface,  in  the 
recommendation  of  which,  the  Association  has  taken  so  prominent  a 
part.  Hitherto,  electrical  phenomena  have  been  littie  attended  to  at 
these  observatories,  from  tne  want  of  knowing  what  instruments  to 
recommend  for  the  purpose,  and  how  to  interpret  properly  their  indi- 
cations.   This  wan^  the  Committee  has  every  reason  to  belifve,  will 
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■hortly  be  iap|i]ied,  and  artaBgements  be  made  far  recordlag  Hm 
deetrical  changes  of  the  atmoaphere  at  the  yarioas  stataons,  with  tlie 
aame  regfolarit^  and  accuracy  as  the  other  meteorolMicalpheDimieB**'* 

The  observatoij  -was  erected  by  Sir  William  Chambbks  for  kia 
Mcyesty  Greorge  III.  about  1780 ;  it  is  on  a  little  pronuMitm  in  tibe 
Old  Deer  Park,  Richmond,  and  aboat  734  feet  from  the  Tham<« 
The  nearest  trees,  which  are  at  some  considerable  distance,  are  thir- 
teen feet  lower  than  the  top  of  the  conductor,  that  we  shall  have 
presently  to  describe. 

The  room  at  the  summit  of  the  baQding,  formerly  employed  as  tlie 
small  equatorial  i^artment,  is  now  the  principal  elec^ieal  obaermtory : 
it  is  of  wood,  dome-shaped,  and  covered  with  sheet-copper.  Throoi^ 
the  centre  of  the  dome  a  circular  imerture  has  been  cut,  into  which 
is  fitted  a  smooth,  mahogany-varnished  cylinder. 

The  principal  conductor  or  collector  o«  electricity  enters  the  atmo- 
sphere through  this  aperture ;  it  consists  of  a  ccmical  tube  of  tiun 
copper,  sixteen  feet  liigh,  screwed  into  a  strong  brass  tube ;  the 
copper  part  is  without,  and  the  brass  within,  the  building;  the 
height  of  the  apex  is  eighty-three  feet  above  low-water  mark.  Aa 
inverted  copper  dish  or  paraphne,  with  a  smootii  ring  on  its  edge,  is 
fitted  by  a  collar,  &c.  upon  the  rod,  in  order  that  rain  may  not  enter 
by  the  aperture  of  the  dome. 

Withm  the  apartment  is  a  circular  pedestal  table,  supportinr  at  its 
centre  a  well-annealed  glass  pillar,  the  lower  end  of  which  is  noUoyr 
and  trumpet-shaped ;  and,  being  ground  flat,  it  is  firmly  fixed  to  tiie 
table  by  eight  strong  bolts,  passing  through  it  and  the  table.    Tbe 
brass  part  of  tlie  conductor  (tour  feet  in  length)  is  firmly  fixed  to  the 
upper  end  of  the  glass  pillar.     This  pillar,  with  its  conductor  of 
twenty  feet  in  lengu,  has  been  found  to  resist  gales  that  were  strong 
enougn  to  blow  down  large  trees  in  the  neighbourhood ;  in  ordff  to 
decrease  the  probabilities  of  breaking,  collars  of  leather  are  inteiposed 
where  practicable  between  the  glass  and  the  table,  &c.    The  houowed 
portion  of  the  pillar  is  of  prime  importance  for  the  purposes  of  obtain- 
mg  perfect  insulation :  a  copper  cone  is  fitted  witUn  this  eaevity ; 
a  inece  of  leather  bdng  interposed  at  the  apex,  and  beneath  the  cone 
a  small  night-lamp  is  kept  constantly  burning  for  the  purpose  of 
warming  the  glass  rod.    Now,  by  this  arrangement,  the  bi|^ier,  and 
consequently  more  distant  parts  of  the  glass,  are  not  so  raiseji  fa- 
temperature  as  to  prevent  the  deposition  of  moisture  from  tiie  atme- 
spha%,  with  the  attendant  loss  of  insulation ;  and,  acain,  the  kmer, 
and  consequently  nearer  parts  of  the  rod  are  so  highly  heated  aa  to 
become,  in  a  measure,  conductors ;  but  between  thow  there  always 
exists  some  zone,  in  the  best  possible  state  of  temperature,  in  rcftr- 
ence  to  existing  dreumstances,  for  insuring  perfect  insnlatton  ;  and 
experience  has  shewn  that  this  is  actually  the  case.    On  the  upper 
end  of  the  conductor  were  formerly  soldered  two  fine  platinum  wins ; 
but  these  are  useless  as  collectors,  beside  the  means  now  adopted. 
The  collector  is  an  ascending  stream  of  heated  air  fkom  a  amall 
lantern,  about  six  Inches  in  height,  and  two  and  a  half  in  diameter ; 
bdng  a  simple  chamber-lamp,  covered  with  a  fitly  roofed  tin  cylinder. 
It  is  raised  oy  a  cord,  passing  ov«r  a  pulley  at  the  apex  ef  the  aon- 
ducting-rod,  and  descending  within  the  conductor  to  a  red  inside  the 
brass  portion  a  little  above  the  table :  it  is  trimmed  every  six  hous. 

Where  the  conductor  is  attached  to  the  pillar  is  a  spherical 
whidi  carries  four  arms  at  right  angles  to  each  other.    The  am 


NOTES  BT  CHABLB8  V.  WALKES.  553 

attached  to  the  ring  by  means  of  a  strong  iron  screw  and  plug ;  and 
at  their  farther  extremities  they  each  support  a  ball,  fixed  by  means 
of  a  similar  screw.  A  cylindrical  plug  slides  accuratdy  into  the  balls, 
and  is  ftmoished  with  a  damping-screw,  which  goes  through  a  sort  of 
washer ;  so  that  a  cross-arm,  passing  through  both  the  ball  and  the 
plug,  can  be  firmly  clamped  in  any  required  position,  without  being 
gaU^.  One  of  the  chief  objects  in  this  arrangement  is  to  insulate 
the  conductor  and  the  active  parts  of  all  the  electrometers  by  one 
common  insulation,  viz.  the  glass  pillar ;  and  this  is  accomplished 
by  the  peculiar  modifications  made  in  the  several  instruments  that 
we  have  now  to  describe. 

Two  Volta's  straw  electrometers,  of  the  following  construction, 
are  employed : — ^A  brass  case,  exactly  two  English  inches  wide  inter- 
nally, is  furnished  with  thin  plate-glass  at  the  back  and  front  only, 
tiie  former  being  ground  to  semi-transparency ;  behind  the  latter 
plate  is  an  ivory  scale,  the  upper  edge  of  which  is  an  arc  with  a 
radius,  corresponding  to  that  of  the  straws,  i.  e.  two  Paris  inches. 

Hie  scale  of  tiie  instrument,  No.  1 ,  counts  single  degrees ;  and 
each  degree  of  No.  2  corresponds  to  5^  of  No.  1.  The  straws  are 
suspended  by  fine  hooks  of  copper  wire  to  the  brass  rod  of  the  instru- 
ment: the  rod  terminates  above  in  a  ring  for  suspension,  with  a 
knife-edge  fitted  accurately  to  a  notch  in  one  of  the  cross-arms  of  the 
conductor.  This  rod  passes  through  a  glass  tube  covered  with  seal- 
ing-wax, and  fixed  into  the  brass  cap  or  cover  of  the  electrometer : 
the  cover  is  not /ixed  to  the  instmment ;  but  when  the  ring  is  sus- 
pended on  the  cross-arm,  and  the  base  of  the  electrometer  is  placed 
on  a  little  pedestal  provided  for  it  beneath,  the  cover  is  lifted  perhaps 
half  an  inch  above  the  instrument,  and  so  remains  freely  suspended 
with  its  straws  on  the  insulated  system  itself,  and  thus  is  not  de- 
pendent for  insulation,  as  in  the  ordinary  instrument,  on  the  mere 
glass  shade  in  which  the  straws  would  be  suspended ;  and  as  the 
under  surface  of  the  cap  or  cover  is  insulated  from  ths  case  of  the 
instrument  by  varnish,  the  instrument  can  be  suspended  from  the 
cross-arm,  or  removed  without  disturbing  the  electricity  of  the  gene- 
ral system.  To  the  pedestal,  on  which  the  base  of  the  electroscope  is 
placed,  is  attached  an  arm  one  foot  long,  bearing  a  sight-piece,  capa- 
ble of  adjustment,  fnr  viewing  the  scale  and  stoiws  properly. 

One  of  Hbnlbt'b  electrometers  with  Volta's  improvements  is 
used :  it  is  supported  on  the  conductor  bv  a  little  tube,  passing  through 
a  clamping  ball  and  plug  as  before,  which  ball  is  clamped  at  rif^t 
angles  to  Uie  axis  of  a  conical  arm  ;  the  zero  of  the  scale  can,  there- 
fore, be  accurately  adjusted  to  coincide  with  the  pendulum  when  in  its 
normal  state  ;  and  the  pendulum  can  be  made  to  rise  in  a  plane  cut- 
ting the  aiis  of  the  conouctor  toward  which  the  instrument  is  turned: 
thMe  are  essential  conditions.  This  instrument  is  seldom  used  in 
the  observations  until  Volta^s  electrometer.  No.  2,  has  risen  above 
90°  in  terms  of  No.  1,  that  is,  above  18°  of  itself.  But,  as  the  un- 
certainty and  difficulty  of  measuring  high  tensions  increases  in  rapid 
ratio,  owing  to  several  causes,  less  confidence  must  be  placed  in  tiie 
values  given  by  this  instmment;  it  also  requires,  according  to 
VoLTA,  Dblvc,  and  others,  eertain  corrections  for  all  degrees  Iwlow 
the  15th,  and  above  the  35th. 

A  galvanometer  by  Gourgon  has  been  added  to  the  instruments 
by  Professor  Wbiatstone,  and  promises  to  become  the  nucleus  ot 
a  very  vafaiable  assemblage  of  new  fects :  it  has  not  been  sucoessfully 
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applied  ia  low  intensities ;  but  with  hig^h  tensions,  the  needles  ha'vte 
been  strong'ly  affiected.  Of  this  instnunent,  Mr.  Ronalds  says, 
**  The  galvanometer  in  some  improved  form,  would  perhaps  supply 
that  great  desideratum  in  atmospheric  electricity, — a  means  of  deno- 
ting tiie  dynatnie  effects,  which  are,  perhaps,  co-inddait,  If  not  idcn> 
tic^,  with  the  property  discovered  by  Bbccaria,  and  called  by  him 
'  Frequency,' — a  property  of  great  importance  possiUy,  when  con- 
sidered  in  relation  to  the  various  opinions  and  theories  which  haw 
been,  or  still  are,  entertained,  conceniingthe  natural  agency  of  atmo- 
spheric electricity  in  vegetation,  animu  life,  the  magnetism  of  the 
^irth,  aurora,"  &c.  l^equency  is  a  term  used  in  rrference  to  the 
time  required  by  the  conductor  to  recover  a  charge  after  it  has  been 
discharged. 

The  ditcharger  for  obtaining  sparks,  and  for  the  necessary  seen- 
rity  against  accident,  is  an  improvement  upon  Lane's  dectrometer. 
A  sm^  vertical  rod,  terminatmg  in  a  ball,  descends  from  one  of  tiie 
arms  of  the  conductor ;  immediately  beneath  is  the  ball  of  the  dis- 
charger, also  placed  on  a  short  vertical  rod,  to  which  a  vertical 
motion,  by  an  arrangement  like  that  of  the  piston-rod  of  a  steam- 
engine,  can  be  given  by  means  of  a  glass  lever.  Ihis  rod  carries  an 
index,  which  exhibits,  on  a  properly  graduated  scale,  the  distance 
between  the  balls  in  every  position.  The  degrees  of  the  scale 
are  of  course  not  equal ;  but  each  one  indicates  an  exact  twentieth 
of  an  inch  in  the  length  of  the  spark.  A  tolerably  near  approxi- 
mation is  observed  between  the  lengths  of  sparks,  as  measured  by 
this  instrument,  and  the  degrees  of  tension  exhibited  by  the  Hknlky*s 
electrometer.  The  base  of  this  instrument  is  in  intmtate  connexion 
with  a  riband  of  lead,  that  leads  away  to  the  gutters  and  pipes  of  the 
building,  and  so  into  the  earth :  the  bases  of  the  other  instruments  are 
likewise  in  connexion  with  the  same  system. 

A  Bennett's  gold-leaf  electroscope  is  sometimes  used  far  disoo- 
vering  the  length  of  time  that  has  elapsed  between  the  alterations  in 
kind  of  electricity  during  rain,  &c. ;  and  very  rarely  for  ascertaining 
whether  the  conductor  was  charged  or  not  on  other  occasions. 

A  distinguisher  for  determining  at  any  moment,  excepting  with 
very  low  tensions,  the  nature  of  the  charge  of  the  conductor,  is  thus 
constructed :  A  wire  terminating  in  a  bidl  is  fixed  into  a  brass  tube, 
over  the  brass  tube  is  placed  one  of  very  thin  glass ;  a  shorter  brass 
tube  is  placed  outside  the  tube  of  glass,  leaving  three-fourths  of  an 
inch  at  each  end  uncovered ;  the  uncovered  part  is  coated  with  sealing- 
wax  melted  on :  this  arrangement  is,  in  fact,  a  little  Leyden  vial. 
Thus  prepared,  it  is  hiserted  through  the  cover  of  a  jar,  and  furnished 
with  two  gold  leaves,  so  short,  that  they  will  not  strike  against  the 
sides  of  the  jar  at  their  greatest  distension.  The  cover  of  the  jar  is 
varnished.  This  distinguisher  is  charged  everv  morning  with  nega- 
tive electricity,  and  never  fails  to  retain  a  good  charge  for  twenty-four 
hours.  When  used,  it  is  taken  from  the  shelf,  where  it  stands  ready 
at  hand,  and  is  held  toward  the  conductor :  if  the  charge  is  positive, 
the  leaves  of  the  distinguisher  begin  to  collapse ;  if  negative,  thtar 
divergence  increases,  like  advanta^  of  this  mode  of  distingnishiBg 
is,  tfcAt  the  operation  can  be  performed  without  bringing  the  instru- 
ment into  contact  with  the  conductor ;  and,  consequenthr,  without  bk 
any  way  altering  its  tension,  or  ii^uring  the  gold  leaves,  nowevw  hig^ 
the  charge  may  oe. 

An  eleetrograph  of  the  kind  first  proposed  by  Landriani,  woA 
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since  by  Bsnnbtt,  GmsDORr,  &c.|  but  of  which  no  particulars  were 
published  before  the  year  1834,  has  also  been  employed  for  ascertain- 
ing roughly  the  nightly  changes  of  the  rod.  A  tin-plate  is  careftilly 
ooatmi  with  a  surfooe  of  shell  lac,  as  free  from  air-bubble  flaws  and 
inequalities  as  possible.  This  is  placed  on  a  triangular  firame 
carried  round  horizontelly  by  the  hour  arbor  of  a  strong  time-piece. 
A  bent  lever,  the  fulcrum  of  which  is  below  the  centre  of  gravity,  is 
supported  by  a  cross-arm  of  the  conductor,  and  one  end  rests  lightly 
on  the  resinous  surface  while  it  revolves.  The  plate,  consequently, 
becomes  electrised  in  and  near  the  line  of  contact  to  an  intensity  pro- 
portionate to  the  charge  of  the  conductor.  After  the  disc  has  re- 
volved beneath  the  point  for  the  required  time  it  is  removed  fit)m  the 
dock,  a  piece  of  ch^  is  held  over  it,  and,  being  rubbed  by  a  brush, 
the  powaer  is  allowed  to  fall  on  the  disc.  On  snaking  off  the  super- 
fluous powder,  the  rest  adheres  to  the  electrised  part  (like  Lichtbn- 
BERo'8  figures),  and  a  graphic  exhibition  of  the  electric  tension  is 
ea[hibited.  The  hours  at  which  the  various  parts  of  this  figure  passed 
under  the  conducting  point  are  carefully  noted  on  the  drcumKrence 
of  the  (fisc.  Negative  oUotypes  of  some  of  these  discs  have  been  suc- 
cessfully taken  l^  Mr.  Collbn,  who  says,  that  in  a  single  morning 
many  positive  pictures  might  be  taken  from  these ;  so  that  a  sort  of 
pictorial  register  of  atmospheric  electricity,  of  serene  weather  at  least, 
might  be  speedily  circulated  among  meteorologists. 

Another  arrangement,  which  appears  to  ^  in  constant  operaHon 
for  night  registoing,  is  the  following :  An  insulated  vertical  xt)d,  with 
appendages  in  connexion  with  the  conducting  system,  is  carried  by 
the  arbor  of  a  time-piece ;  it  supports  horizontal  arms.  Near  this 
instrument  are  three  Volta'b  electroscopes,  so  placed  that  each  shall 
be  touched  by  the  revolving  arm,  and  receive  a  clmrge  at  a  determinate 
hour.  The  charge  is  retained  till  mominf  with  a  trifling  loss,  for 
which  an  allowance  is  made  of  so  much  per  hour,  when  the  divergence 
of  the  leaves  is  measured  and  the  value  entered  in  the  book. 

Of  the  other  instruments  of  the  Observatory,  some  have  been  al- 
ready described  in  this  volume ;  on  the  others  we  may  say  a  few 
words.  The  vane  carries  round  with  it  a  ring  on  which  the  winds  are 
marked ;  k  fixed  index  points  to  the  wind  that  blows :  the  instrument 
can,  therefore,  be  read  more  conveniently  and  with  greater  accuracy. — 
Lind's  anemometer,  mentioned  in  the  laist  column  but  two  of  the  table, 
559,  &c.,  is  a  land  of  siphon-shaped  tube,  one  arm  of  which  is  furnished 
with  an  open  mouth  for  exposure  to  the  wind ;  it  is  filled  with  water, 
till  the  liquid  in  each  arm  stands  at  the  zero  of  an  attached  scale ; 
and,  when  the  mouth  is  exposed  to  the  wind,  the  liquid  rises  in  one 
arm  and  falls  in  the  other.  "  The  sum  of  the  two  is  the  height  of  a 
column  of  water,  which  the  wind  b  capable  of  sustaining  at  the  time ; 
and  every  body  that  is  exposed  to  that  wind  will  be  pressed  upon  by 
a  force  equivalent  to  the  weight  of  a  column  of  water,  having  its  base 
equal  to  the  surfue  that  is  opposed,  and  its  height  equal  to  the  altitude 
of  the  column  of  water  sustained  by  the  wind  in  the  wind-gauge.*** — 
The  balance  anemometer  is  described  by  Mr.  Ronalds  as  tiie  child  of 
necessity ;  for  no  other  means  were  adequate  to  measure  the  force  of 
very  light  breezes,  whidi  are  quite  as  important  to  electro-tneteorology 
as  stiff  breezes,  and  even  more  so.  On  one  arm  of  the  balance-beun 
is  suspended  a  scale-pan,  and  on  the  other  is  erected  a  light  deal- 

•  rme  Boyal  Society's  Instmetions,  p.  71. 
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board  exposing  a  square  foot  to  the  wind.  The  force  of  the  wind 
acting  upon  tUs  b<Mrd  is  estimated  by  the  weights  which  mnst  be 
placed  in  the  scale  to  retain  it  in  its  normal  positton.  The  parta  not 
to  be  acted  on  by  the  wind  are  protected  by  a  screen  attached. 

These  descriptions  are  conect  to  the  month  of  October,  1844, 
when  the  author  last  visited  the  Observatory ;  they  are  chiefly  drawn 
from  Prof.  Whbat8tonk*s  Report,  read  at  the  dork  meeting  of  the 
Association  in  1843 ;  and  from  Mr.  Ronalds* 8,  read  at  tl^  York 
meeting  in  1844  ;  and  from  the  author's  personal  observation. 

A  few  words  are  necessary  in  explanation  of  the  following  table, 
illustrative  of  the  manner  in  which  the  observations  are  reocvded* 
In  the  column  time,  SR  means  sim-rue;  SS,  sun^iet.  In  Electri- 
city, under  kind,  P  and  N  mean  post^toeand  negatwe.  Under  psri- 
ODICAL  OBSERVATIONS,  to  the  .right  of  the  degrees,  V  and  H  re- 
spectively indicate  Voltd's  and  HenUy^s  electrometers ;  the  letter  D, 
which  sometimes  appears,  indicates  the  striking  distance,  or  len^h  cf 
fparit,  in  inches.  Tne  other  columns  of  the  table  explain  themsdves. 
On  DAYS  OF  STORM,  of  which  several  occur  in  the  period  we  have 
selected,  continuous  and  multiplied  observations  are  made:  these 
observations  are  printed  eH  maste  in  the  Storm  Papers  whidi  folkyw 
the  table ;  of  which  we  have  given  that  of  the  last  day  of  July,  and 
those  frY>m  the  beginning  to  the  14th  of  August  inclusive. 
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Arrangements,  of  the  same  nature  as  those  at  Kew,  have  been 
made  under  the  direction  of  the  Astronomer  Royal,  at  tiie  Greenwich 
Observatory.  They  are  thus  alluded  to  in  the  Report  read  at  tbe 
annual  visitation,  June  I,  1844  : — 

"  In  the  autumn  of  last  year,  I  had  an  opportunity  of  examining 
the  beautiful  arrangements  of  the  atmospheric  electrometer  at  tbe 
Kew  Observatory,  which  have  been  made  under  the  superintendence  of 
Prof.  WHEAT8T0NE  and  Francis  Ronalds,  Esq.    It  was  impos- 
sible to  see  these  without  perceiving  that  considerable  improvements 
might  be  made  in  our  own,  by  following  the  same  plan,  with  such 
alterations  as  the  difference  of  local  circumstances  rendered  necessary. 
The  form  which  I  have  adopted  maybe  generally  described  as  follows : 
Two  iron  rods  are  suspended  from  the  top  of  the  mast  to  the  ground, 
and  are  kept  in  a  state  of  tension  by  weights  hung  in  a  pit.     These 
rods  serve  as  guides  to  a  travelling  frame,  which  carries  a  copper  rod 
supported  on  a  glass  cone.    A  lamp  is  placed  below  the  glass  cone 
to  keep  it  warm  and  dry ;  and  another  hunp  is  attached  to  the  top  of 
the  copper  rod  to  collect  atmospheric  dectridty.    The    frame    is 
lowerea  twice  every  day  for  trimming  the  lamp,  and  is  then  raised 
again ;   this  operation  is  effected  with  a  windlass  and  rope.     The 
wire,  by  which  the  dectridty  is  conducted  from  the  copper  rod  to  the 
dectrometers  within  the  building,  is  kept  in  tension  by  a  lever  with  a 
weight  at  one  end,  which  also  serves  for  the  electric  conduction. 
Dunng  the  operation  of  lowering  or  raising  the  frame,  a  sdf-acting 
reel  (£iven  by  a  wdght)  coils  up  or  delivers  the  wire,  which  is  then 
detached  from  the  lever.    The  metallic  apparatus  within  the  buHdzng 
is  supported  by  a  glass  rod,  whose  ends  are  maintained  in  a  state  <tf 
warmth  and  dr3rness  by  small  lamps.    The  dectrometers  are,  the  dry« 
pile  apparatus  (mentioned  in  the  Report  of  last  year),  tturee  expanskm 
electrometers,  and  one  Henley's  electrometer ;  there  is  also  an  ap- 
paratus for  measuring  the  length  of  sparks.    Judging  from  the  long 
time  through  which  the  apparatus  wiU  preserve  a  trifling  diarge  at 
atmospheric  dectridty,  I  concdve  that  its  insulation  is  nearly  per- 
fect ;  yet,  from  some  unknown  cause  (not  improbably  the  proximity 
of  lofty  trees) ,  the  indications  are  much  less  constant  uan  those  at  the 
Kew  Observatory. 

*'  The  galvanometer  seems  to  be  effected  not  more  than  once  or 
twice  in  a  year.    The  induction  copper  ball*  gives  no  certain  result. 

**  The  08LER*8  anemometerf  performs  wdl,  except  in  the  regis- 
tration of  the  pressures,  and  the  ordinary  light  winds. 

"  At  the  last  visitation,  the  Board  of  Visitors  recommended  to  the 
Board  of  Admiralty  the  erection  of  a  Whb will's  anemometer.^ 
The  Lords  of  the  Admiralty  immediatdy  assented  to  this,  and  an  in- 
strument of  this  class  was  mounted  in  the  last  summer.  With  some 
small  refittings  it  has  worked  extremely  wdl.' 


i» 


Note  k,  (vide  p.  336.) 

An  apparatus  is,  by  this  time,  completed  at  Kew,  for  collecting 
the  dectridty  from  rain.     It  consists  of  a  large  metal  found,  sup- 

*  rtda  Peltier's  Experiments,  Note  E,  p.  49S. 
t  FMfeNotey.  (Ibid. 
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ported  on  a  hoHowed  glass  rod,  fitted  np  with  the  copper  tube  and 
lamp  for  preserving  instdation.  It  will  be  exposed  to  the  heavens  on 
the  leads  of  the  Ol^ervatory. 


Note  L  {vide  p.  336.) 

The  present  state  of  our  knowledge  does  not  justify  our  rushing 
too  hastily  to  conclusions  respecting  the  causes  (for  there  may  m 
several)  by  which  atmospheric  electricity  is  produced.  For  mv  own 
part,  I  am  inclined  to  think,  with  M.  Kaemtz,  that  friction  is  not 
altogether  to  be  excluded  from  a  place  in  our  thoughts.  This  opinion 
Is  somewhat  sanctioned  by  Akm8trono*8  recent  discoveries  of  the 
electricity  of  ^uent  iteam  and  ^ueni  moist  mr;  and  Faraday's 
Experimental  Researches  on  the  exciting  causes. 

When  high-pressure  steam  is  allowed  to  escape  under  favourable 
circumstances  from  a  narrow  jet,  the  effluent  vapour  corresponds  to 
the  glass  plate  of  an  electric^  machine,  and  the  jet  to  the  rubber. 
Under  these  circumstances  the  vapour  is  highly  positive,  and  the  jet 
and  attached  boiler  negative.  Dry  steam  produces  no  electricity :  it 
is  therefore  necessanr  so  to  arrange  the  jet  that  the  steam  shall 
become  partially  concuensed  before  it  reaches  It ;  so  that  the  steam 
may  be  regarded  as  the  motive  power,  or  mechanical  means,  by 
which  the  watery  particles  are  rubbed  against  the  jet.  If  these  par- 
ticles consist  of  water  that  has  been  rendered  conducteous  by  the 
presence  of  certain  chemical  agents,  they  reftise  to  become  excited, 
and  are  just  in  the  condition  of  a  glass  tube  that  is  rubbed  with 
moist  flannel ;  it  discharges  as  fiast  as  it  charges.  The  quantity  of 
electricity  depends  greatiy  on  the  character  of  the  jet  or  rubber : 
of  thirty  substances,  tried  by  Faradat,  all  rendered  the  steam 
positive,  although  in  various  degrees ;  quill  and  ivory  have  very  feeble 
powers ;  the  metals  are  better ;  but  hard  woods  have  the  greatest 
exciting  power.  Experienoe  has  now  shewn  that  small  cylinders  of 
partridge  wood,  secured  in  tiie  jet,  form  the  best  rubbers.  If  grease, 
or  resin,  or  oil,  is  made  to  pass  off  with  the  watery  particles,  the 
efBuent  steam  becomes  negative,  and  the  boiler  positive ;  for,  under 
those  circumstances,  the  aqueous  particles  become  eniilmed,  and 
the  rubbing  surfsoe  ii  virtually  dl  or  resin ;  and  the  phenomena  cor- 
respond to  a  stick  of  sealing-wax  rubbed  against  flannel. 

These  views  of  the  friction  of  watery  particles  are  stQl  fiurther 
illustrated  by  the  escape  of  condensed  air.  Faradat  con- 
densed air  in  a  strong  copper  riobe.  When  he  allowed  common 
wndried  air  to  escape,  the  cooung,  consequent  on  its  expansion, 
condensed  the  moisture  it  contained,  and  this  rush  of  air  nibbed  the 
aqueous  particles,  and  produced  an  electrical  excitation  exactly 
similar  to  that  produced  by  effluent  steam.  But,  when  he  adopted 
chemical  means  ^  drying  the  air  while  it  was  within  the  globe, 
and  then  allowed  it  to  escape,  it  was  reduced  to  the  condition 
of  dry  steam,  and  was  perfectly  inactive.  This  new  source  of  elec- 
tricity led  me,  when  recently  reviewing  the  subject,  to  make  the 
following  observations ;  tiie  trutii  of  which  can  only  be  tested  when 
we  have  obtained  a  more  dose  insight  into  these  matters  than  we 
aft  present  possess : — 

*'As  the  friction  of  watery  paiticles  is  a  dlsoovcry  only  just 
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matured,  the  idea  has  not  yet  occurred  of  indudin^  it  in  the 
ligation  of  atmospheric  electricity.  Though  the  present  state  of  oar 
knowledge  does  not  justify  us  to  haxard  an  answer,  yet  we  are  eaUed 
on  to  propose  the  question.  Do  the  watery  particles  with  which  the 
atmosphere  is  chained  acquire  positive  electricity  as  they  are  rubbed 
by  the  wind  against  the  earth,  and  all  it  sustains,  as  hUls,  rodcs, 
trees,  &c.  in  ttie  same  manner  as  the  stream  of  steam  and  watcr 
becomes  positive  by  rubbing  against  the  jet  ?  If  so,  what  co&aezioii 
may  not  be  traced  between  the  hurricane  winds  of  the  tropics  and 
the  prevailing  Hghtning-storms  with  which  those  regions  abound? 
Does  the  friction  together  of  two  currents  of  air,  charged  to  differ^t 
degrees  with  moisture,  develope  the  two  electrical  states  ?  "* 

NOTK  m.  (vide  p.  337.) 

We  would  direct  the  attention  of  the  reader  to  M.  Pbltier's 
views  of  this  matter,  given  in  Note  £  of  the  First  Appendix. 

Note  n.  {vide  p.  342.) 

The  most  extraordinary  instance  on  record  of  an  electrical  fog  is 
^ven  by  Mr.  Crosse,  of  Broomfield.  Before  repeating  his  descrip- 
tion, it  will  be  necessary  to  describe  his  arrangements  for  collecting 
atmospheric  electricity.  Poles  are  fixed  on  some  of  the  loftiest  trees 
on  his  estate.  Cylindrical  vessels  of  copper,  with  insulating  glass 
rods,  cemented  within,  are  raised  to  the  summit  of  these  poles  by  a 
cord  and  pulley.  The  funnels  hang  bottom  upward,  so  tkat  the  glass 
rod  is  protected  from  rain ;  to  its  lower  end  is  fixed  a  cap  and  staple: 
to  this  staple  a  copper  disc  is  hooked  on,  by  a  wire  passing  through 
its  centre,  so  as  to  be  about  four  inches  from  the  mouth  of  ttut 
cylinder  ;  the  other  end  of  the  wire  forms  a  second  hook.  An  «9p« 
ploring  wire  is  extended  from  pole  to  pole,  and  is  secured  by  these 
hooks.  Wind  had  disturbed  tiie  arrangemente  so,  that  at  present 
the  length  does  not  exceed  1600  feet;  but  Mr.  Crosse  is  now  about 
to  make  a  very  considerable  increase  in  the  length.  A  stout  pole, 
furnished  with  an  insulating  cylinder  (or,  as  he  terms  it^/wmen,  is 
erected  outside  his  electrical  room ;  this  funnel  forms  the  ^^'•"^(nis- 
tion  of  the  exploring  wire,  and  from  it  a  stout  wire  conveys  the 
electricity  through  the  window  to  a  large  brass  ball,  from  whidi  it  is 
led  to  an  insulated  brass  conductor.  Arrangements  are  made  for 
employing  the  electricity,  or  for  carrying  it  away  with  safety.  This 
apparatus  is  alluded  to  in  the  following  description  of  an  electric 
fog  :— 

**  Many  years  since  I  was  sitting  in  my  electrical  room,  on  a 
dark  November  day,  during  a  very  dense  driving  fog  and  rain  which 
had  prevailed  for  many  hours,  sweeping  over  the  earth,  impelled  by 
a  south-west  wind.  The  mercury  in  the  barometer  was  low,  and 
the  thermometer  indicated  a  low  temperature.  I  had  at  this  time 
1600  feet  of  wire  instdated,  which,  crossing  two  small  valleys^ 
brought  the  electric  fluid  into  my  room.    There  were  four  insulators, 

•  Vide  CaMnet  C^doptHia,  Electricity,  kc.  vol.  ii.  p.  99. 
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and  each  of  them  was  streaming  with  wet,  from  the  effects  of  the 
driTing  fog.  From  about  eight  o'clock  in  the  morning  until  four  in 
tiie  afternoon,  not  the  least  appearance  of  electridtv  was  visible  at 
the  atmospheric  conductor,  even  by  the  most  careftii  application  of 
the  condenser  and  multiplier ;  indeed,  so  effectually  did  tiie  exploring 
wire  cond\ict  away  the  ^ectridty  which  was  communicated  to  it,  that 
when  it  was  connected  by  means  of  a  copper  wire  with  the  prime 
conductor  of  my  eighteen-inch  cylinder  in  high  action,  and  a  gold- 
leaf  electrometer  placed  in  contact  with  the  connecting  wire,  not  the 
slightest  effect  was  produced  upon  the  gold  leaves.  Having  given  up 
the  trial  of  further  experiments  upon  it,  I  took  a  book,  and  occupied 
myself  with  reading,  leaving  by  chance  the  receiving  ball  at  upwards 
of  an  inch  distance  from  the  ball  in  the  atmospheric  conductor.  About 
four  o'clock  in  the  afternoon,  whilst  I  was  still  reading,  I  suddenly 
heard  a  very  strong  explosion  between  the  two  balls,  and  shortly  after 
many  more  took  place,  untQ  they  became  one  interrupted  stream  of 
explosions,  which  died  away  and  re-commenced  with  the  opposite 
electricity  in  equal  violence.  The  stream  of  fire  was  too  vivid  to  look 
at  for  anv  leng^  of  time,  and  the  effect  was  most  splendid,  and  con- 
tinued without  intermission,  save  that  occasioned  by  the  interchange 
of  electricities,  for  iiptoardf  f^  five  hourtj  and  then  ceased  totally. 
During  the  whole  day,  and  a  great  part  of  the  succeeding  night,  there 
was  no  materied  change  in  the  barometer,  thermometer,  hygrometer, 
or  wind ;  nor  did  the  driving  fog  and  rain  alter  in  its  violence.  The 
wind  was  not  high,  but  blew  steadily  from  the  south-west.  Had  it 
not  been  for  my  exploring  wire,  I  should  not  have  had  the  least  idea 
of  such  an  electrical  accumulation  in  the  atmosphere :  the  least  con- 
tact with  the  conductor  would  have  occasioned  instant  deathj  the 
stream  of  fluid  far  exceeding  any  thing  I  ever  witnessed,  excepting 
during  a  tiiunder-storm.  Had  the  insulators  been  dry,  what  v>ould 
have  been  the  effect  ?  In  every  acre  of  fog  there  was  enough  of  accu- 
mulated electricity  to  have  destroyed  every  animal  within  that  acre. 
How  can  this  be  accounted  for  ?  How  much  have  we  to  learn  before 
we  can  boast  of  understanding  this  intricate  science  ?'** 

M.  Peltier  has  lately  published  a  memoir  on  the  different  species 
of  fogs,  of  which  the  following  is  a  resum^: — 

**  According  to  De  Luc,  B.  Davy,  and  J.  Hervey,  a  fall  of  tem- 
perature to  the  amount  of  about  two  or  three  degrees  below  that  of 
the  surface  of  the  waters,  or  of  the  moist  ground,  is  sufficient  for  the 
production  of  fog ;  and  the  fog  is  thicker,  in  proportion  as  this  dif- 
ference between  the  temperature  of  the  air  ana  that  of  the  waters  is 
greater.  This  theory  possesses  the  greatest  simplicity,  but  it  is  in- 
sufficient to  explain  the  existence  of  a  great  numoer  of  foes  ;  and,  as 
M.  Peltier  observed,  it  is  necessarily  complicated  by  the  effect  of 
electric  actions  and  re-actions.  The  first  cause  of  this  complexity  is 
the  formation  of  vapours  at  the  surface  of  a  body  charged  with  re- 
sinous electridty, — vapours  which  consequently  partidpate  in  this 
state,  and  are  also  resinous.  The  second  cause  is  in  the  re-action  of 
the  resinous  vapours  of  the  vast  current  that  is  constantly  advancing 
from  the  tropics  towards  the  poles,  in  the  high  regions  of  the 
atmosphere. 

'*  From  these  different  infinences  thrre  result,  according  to  the 
author,  three  sorte  of  fogs,  which  are  divided  into  five  very  distinct 

•  F^NoAl>'SiBlMlrft;dl^,p.94. 
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species :  the  first  is  that  of  simple  fogs ;  the  second  and  tliird  are 
those  of  resinous  fogs ;  the  fourth  and  fifth  are  those  of  vitreous  fogs. 

"  Simple  fogs  are  the  product  of  the  condensation  of  elastic  vapours 
by  the  «>oling  of  the  air,  when  the  latter  has  fallen  several  degrees 
below  tht  temperature  of  the  ground  on  which  it  rests ;  thej  are 
always  moist,  and  they  moisten  the  cold  bodies  that  they  toni^ 
These  fogs  appear  toward  the  end  of  a  fine  day  ;  they  rise  slowly  into 
the  atmosphere,  and  remain  at  a  very  low  elevation.  They  are  <^  a 
dead  white,  and  diminish  the  light  without  colouring  it ;  and  their 
surfoce  is  smooth  and  tranquil. 

**  It  would  seem  that  resinous  fogs  should  be  the  more  nomerovs, 
because  as  the  terrestrial  globe  is  a  body  charged  with  resinous  elec- 
tricity, the  vapours  that  rise  from  it  are  resinous  like  itself.  This 
species,  however,  is  not  common  ;  the  cause  of  transformation  in  the 
signs  of  the  electricity  is,  in  the  very  law  itself,  of  electrical  inductions. 
The  earth  repels  the  resinous  electricity  toward  the  higher  strata,  and 
thus  renders  the  stratum  that  is  nearest  to  the  ground  vitreous.  In 
order  that  such  a  fog  may  remain  in  contact  with  the  surface  of  the 
globe,  it  is  necessary  that  another  power  should  have  a  preponderaaee 
over  the  repulsion  of  the  earth,  or  mat  this  terrestrial  repulsion  should 
be  reduced  by  a  similar  force  acting  in  the  contrary  direction.  The 
former  effect  is  produced  by  the  specific  gpravity  wluch  douda  aome- 
times  acquire  *,  and  the  latter,  by  the  repulsive  power  of  the  highly 
resinous  upper  strata.  Resinous  fogs,  produced  by  these  two  cai»es, 
are  distinguished  by  particular  qualities,  which  divide  them  into  two 
difierent  species. 

*'  Vitreous  fogs  are  also  of  two  species,  which  present  very  distinct 
results.  The  first  is  that  which  occurs  under  a  serene  sky,  witI.oat 
any  other  electric  influence  than  that  of  the  globe.  This  species  has 
its  lower  portions  more  vitreous  than  the  upper,  and  they  are  oower- 
folly  attracted  by  the  globe.  The  other  species  is  that  wnlch  ia 
formed  under  the  influence  of  the  masses  of  highly  resinous  vapours, 
which  prevail  in  the  upper  strata.  This  latter  has  its  upper  pordoas 
more  vitreous  than  the  lower.*'  * 


Note  o.  (vide  p.  347.) 

The  explanation  of  ball-lightning  has  been  alwa3r8  a  subieet  of 
difficulty.  Mr.  Snow  Harris  has  recently  traced  it,  in  has 
Treatise  on  Thunder-stonns,  to  very  probable  causes.  We  must 
premise  that  electric  discharges  have  been  divided  by  Faraday  into 
the  spark,  the  brush,  and  the  glow.  The  glow  is  described  as  a  con- 
stant renewal  of  discharges,  instead  of  an  faiteqpittent  action.  Now, 
Mr.  Harris  suggests  that  the  ball-discharge  possesses  many  features 
of  resemblance  to  the  glow ;  and,  in  addition,  it  possesses  motiom. 
The  latter  condition  is  readily  admitted,  inasmuch  as  the  doud,  by 
which  the  discharge  is  carried,  moves  onward.  These  balls  of  fire  are 
shewn  to  have  acted  as  do  lightning-flashes ;  and  this  is  not  difficult 
of  explanation ;  for,  when  the  doud  passes  over  any  terrestrial  object, 
by  which  the  resistance  to  discharge  is  reduced  within  the  strildag 
distance,  disruptive  discharge  must  take  place :  the  quiet  glow,  or 

•  Tid«  Steetrieta  Magtaine,  Mo.  VI.  p.  416. 
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fire-ball,  no  longer  ezistSy  but  U  conrerted  into  a  true  and  proper 
lightning-ilaslu 

Note  p.  {vide  p.  354.) 

Professor  Schoenbein,  of  Bale,  has,  within  these  last  few  years, 
written  several  memoirs  on  the  dedrical  odour,  in  which  he  has  laid 
down  certain  new  views.  He  considers  the  odour  to  arise  from  an 
elementary  body  tliat  is  liberated  from  combination  by  the  electrolytic, 
or  decomposing  action  of  electricity ;  he  calls  this  principle  ozone. 
He  considers  ozone  to  possess  the  same  electrical  characters  as 
chlorine,  bromine,  and  iodine ;  and,  according  to  his  recent  views,  be 
considers  nitrogen  as  a  compound  of  ozone  and  hydrogen,  analogous 
to  hydrochloric  acid.  Indeed,  a  notice  has  lately  been  published,  in 
whidi  it  is  stated  that  he  has  actually  decomposed  mtroeen  into 
hydrogen  and  ozone.  But  as  the  process  is  not  yet  published,  nor 
the  means  by  which  he  satisfies  himself  of  having  effectea  this  analysis, 
we  are  not  in  a  condition  to  pass  an  opinion  upon  it. 

The  general  onlnion  of  philosophers  is  against  the  ezistence  of  this 
ozone ;  they  attnoute  the  odour  to  other  causes.  M.  de  la  Rive 
ascribes  it  to  the  minute  metallic  particles  which  are  detached 
from  conductors  during  discharge.  M.  Fusinieri  has  shewn  the 
universality  of  these  puticles  in  electric  discharges ;  and  M.  de  la 
Rive  says  that  this  explanation  *'  rests  on  the  existence  of  known 
£scts,  while  the  hvpothesis  of  ozone  is  based  on  the  existence  of  a 
body  quite  new,  of  a  very  peculiar  nature,  and  which  can  be  perceived 
neither  by  a  near  nor  a  distant  examination,  except  by  this  odour 
which  it  is  admitted  to  possess."*  Until  we  possess  this  ozone  in  an 
isolated  state  we  cannot  help  hesitating  before  we  adopt  the  hypothesis. 


Note  q.  (vide  p.  367.) 

Mr.  Snow  Harris  has,  during  these  last  two  years,  communi- 
cated a  series  of  articles  to  the  Nautical  Magazine,  containing  the 
statistics  of  the  effects  of  lightning  on  210  ships  in  tiie  British  navy. 
He  has  collected  these  notices  frt>m  the  dusty  and  deserted  manuscript 
journals  of  the  respective  ships,  in  which  they  had  wellnigh  been 
consigned  to  oblivion.  He  gives  the  place  of  the  ship,  the  effects  of 
the  d&chai^,  the  meteorological  phenomena,  and  such  other  remarks 
as  are  necessary  to  render  the  history  complete.  The  series  of  papers 
have  just  been  published  separately. 

The  cases  before  him  have  led  him  to  several  deductions  on  the 
meteorology  of  thunder-storms.    He  says : — 

«*  The  history  of  the  different  cases  of  electrical  storms  shews  a 
general  shilUng  and  variable  state  of  the  wind,  attended  by  alternate 
calms,  and  squalls,  and  heavy  rain,  which  is  not  unfreqnently  con- 
verted into  hail  by  the  changes  which  take  place  in  the  temperature. 
The  phenomena  of  these  storms  are  such  as  to  lead  us  to  infer  that, 
by  the  meeting  of  many  currents  of  wind,  a  sort  of  intermediate  im- 
pressed  space  is  produced,  in  and  about  which  the  air  assumes  a 
variable  and  irregular  motion,  producing  in  many  instances  a  complete 
vortex." 

»  Vids  JrekHret  de  FEIectrieilit  July  I84S. 
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Witbm  and  about  this  yortez  the  most  viole&t  deetrical  effiecta 
produced ;  masses  of  vapours  condense,  and  give  forth  terrific  Ugbt- 
ning  and  complete  deluges  of  water.     This  vortex  is  sometiiiics 
stationary ;  at  other  times  it  moves  in  the  direction  of  the  resultant 
of  the  active  forces.     After  the  electrical  and  other  meteorologicBl 
changes  have  taken  place,  the  progress  of  the  storm  may  be  arreted, 
and  the  conditions  on  which  it  depends  vanish.    In  which  case  ttie 
original  wind  may  return  with  fair  weather ;  or  the  new  direction  oi 
wind,  which  is  the  frequent  concomitant  of  a  storm,  may  be  perma- 
nent, or  may  shift  a  few  points.    These  storms  seem  to  occupy  but 
limited  portions  of  the  atmosphere,  and  seldom  to  extend  to  any  great 
height.    In  illustration  of  the  latter  position  he  gives  the  case  of  the 
Desiree,  at  that  time  commanded  by  Admiral  Ross,  which  had 
her  mmn-topmast  shivered  to  pieces,  and  her  mainmast  rent,  dnrio^ 
a  storm  at  West  Arbour,  Port  Antonio,  October  8th,   1802.     Hie 
storm  "  was  witnessed  by  an  observer,  at  his  house  on  the  hill,  aa 
taking  place  immediately  under  him,  whilst  overhead  the  sky  was 
dear  and  tranquil.*' 

Mr.  Harris  makes  special  allusion  to  the  rapid  formation  of 
water,  which  is  almost  always  coincident  with  these  storms ;  and  ha 
seems  to  be  of  opinion,  that  the  electricity  in  these  cases,  like  heat 
under  similar  dromistances,  is  roused  from  a  latent  into  an  active 
state  by  the  change  of  vapour  into  water.  He  has  classified  the 
respective  accidents  as  to  time  and  place ;  but  as  the  results  bear 
more  upon  the  chances  of  damage  to  which  our  fleets  are  exposed,  we 
need  not  refer  to  tiiem  fiirther. 


Note  r.  (vide  p.  367.) 

Mr.  Crossr,  who  has  been  for  many  years  an  attentive  observer  of 
the  electricity  of  the  atmosphere,  considers  a  passing  cloud  as  a  suc- 
cession of  electrised  zones,  alternating  from  positive  to  negative ;  tiie 
effects  being  at  a  mimmum  at  the  borders  of  the  doud,  and  at  a 
fnaximum  at  the  centre.  The  conduct  of  an  electrical  doud  has  been 
thus  graphically  described  by  him : — 

*'  On  the  approach  of  a  thunder-doud  to  the  insulated  atmo- 
spheric wire  (described  in  Note  n,  p.  574),  the  conductor  attached  to  it, 
which  is  screwed  into  a  table  in  my  electrical  room,  gives  correspond- 
ing signs  of  electrical  action.  In  fair  cloudy  weather  the  atmospheric 
electricity  is  invariably  positive,  increasing  in  intensity  at  sunrise 
and  sunset,  and  diminishing  at  midday  and  midnight,  varying  as  the 
evaporation  of  the  moisture  in  the  air ;  but  when  the  thunder-cloud 
(which  appears  to  be  formed  by  an  unsually  powerful  evaporation, 
arising  either  from  a  scorching  sun  succeeding  much  wet,  or  net 
versd^  draws  near,  the  pith  baUs  suspended  frt>m  the  conductor  open 
wide,  with  either  positive  or  negative  dectridty ;  and  when  the  edge 
of  the  cloud  is  perpendicular  to  the  ezploring-v^re,  a  slow  succession 
of  discharges  takes  place  between  the  brass  ball  of  tiie  conductor  and 
one  of  equal  size,  carefully  connected  with  the  nearest  spot  of  moist 
ground.  I  usually  connect  a  large  jar  with  the  conductor,  which  in- 
creases the  force  of,  and  in  some  degree  regulates  the  nimiber  of  tiie 
explosions ;  and  the  two  balls  between  whidi  the  discharges  pass  can 
be  easily  regulated,  as  to  their  distance  ftt»m  eadi  other,  by  a  screw. 
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After  jt  certain  mimber  of  ezplosioiis,  say  of  negative  electricityt 
^Hiieh  at  first  may  be  nine  or  ten  in  a  minute,  a  cessation  occurs  of 
some  seconds  or  minutes,  as  the  case  may  be,  when  about  an  equal 
number  of  explosions  of  positive  electricity  takes  place,  of  similar 
foioe  to  the  former,  indkaimg  ihe  postage  qftwo  oppotUely  and  equally 
eUdr^ied  suma  qf  the  ekmd :  then  follows  a  second  zone  of  negative 
electricity,  ooeasioninff  several  more  discharges  in  a  minute  than  firom 
•itlier  of  the  first  patf  of  zones ;  which  rate  of  increase  appears  to 
vary  according  to  the  size  and  power  of  the  cloud.  Then  occurs 
another  cessation,  followed  bv  an  equally  powerfol  series  of  dis- 
charges of  positive  electricity,  indicating  the  passage  of  a  second  pair 
of  zones:  these,  in  like  manner,  are  followed  by  others,  fearrally 
increasing  the  rapidity  of  the  discharges,  when  a  regular  stream  com- 
meiKett  interrupted  only  by  the  change  into  the  opposite  electricities. 
The  intensity  at  each  new  pair  of  zones  is  greater  than  that  of  the 
former,  as  may  be  proved  by  removing  the  two  balls  to  a  greater  dis- 
tance from  each  otW.  When  the  centre  of  the  doud  is  vertical  to 
the  wire,  the  greatest  effect  consequently  takes  place,  during  which 
the  windotot  rattle  m  their  frames,  and  the  bursts  of  thunder  trithout, 
and  the  noise  within,  every  now  and  then  accompanied  with  a  crash 
of  accumulated  fluid  in  the  wire,  striving  to  get  free  between  the  balls, 
produce  the  most  awful  effect,  which  is  not  a  little  increased  by  the 
pauses  occasioned  by  the  interchange  of  zones.  Great  caution  must, 
of  eourse,  be  observed  during  this  interval,  or  the  consequences  would 
be  fotol.  My  battery  consists  of  fifty  jars,  containing  seventy-three 
feet  of  surface,  on  one  wide  only.  This  battery^  when  Ailly  charged, 
will  perfectly  fbse  into  red-hot  balls  thirty  feet  of  iron  vrire,  in  one 

length,  such  wire  being  Jf^  of  an  inch  in  diameter.  When  this  battery 
is  connected  witii  three  thousand  feet  of  exploring-wire,  during  a 
thunder-storm,  it  is  charged  folly  and  instantaneously,  and,  of  course, 
as  quickly  discharged.  As  I  am  fearful  of  destroying  my  jars,  I  con- 
nect the  two  opposite  coatings  of  the  battery  with  brass  bolls,  one 
inch  in  diameter,  and  placed  at  such  distance  from  each  other  as  to 
cause  a  discharge  when  the  battery  receives  three-fourtiis  of  its  charge. 
When  the  mid£e  of  a  thunder -doud  is  overhead,  a  crashing  stream 
of  discharges  takes  place  between  the  balls,  the  effect  of  which  must 
be  witnessed  to  be  concdved. 

*'  As  the  doud  passes  onwards,  the  opposite  portions  of  the  zone, 
which  first  affected  the  wire,  come  into  play,  and  the  effect  is  weakened 
vrith  each  successive  pair  till  all  dies  away,  and  not  enough  dectridty 
remains  in  the  atmosphere  to  affect  a  gold-leaf  electrometer.  I  have 
remarked  that  the  air  is  remarkably  free  of  dectridty,  at  least,  more 
so  than  usual,  both  before  and  after  the  passage  of  one  of  these 
douds.  Sometimes,  a  little  previous  to  a  stonn,  the  gold  leaves  con- 
nected with  the  conductor  will,  for  many  hours,  open  and  shut 
rapidly,  as  if  they  were  panting,  evidently  shewing  a  great  dectrical 
disturbance. 

'*  It  is  known  to  d^xtridans,  that  if  an  insulated  plate,  composed 
of  a  perfect  or  an  imperfect  conductor,  be  dectrified,  the  dectridty 
communicated  will  radiate  from  the  centre  to  the  circumference,  ia- 
ereasmg  in  force  as  the  squares  of  the  distances  from  the  centre ; 
whereas  in  a  thunder -doud  the  reverse  takes  place,  as  its  power 
dimmakee  from  the  centre  to  the  circumference.  First,  a  nudeus 
appears  to  be  formed,  say  of  positive  dectridty,  embracing  a  large 
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portion  of  the  centre  of  the  dond,  round  whieh  2s  a  negative  sone  of 
equal  power  with  the  former :  then  follow  the  other  z(mes  in  pairs, 
diminishing  in  power  to  the  edge  of  the  doad.    Dvtetly  belam  iMt 
cloudy  according  to  the  laws  of  indnetiye  electridtj,  must  exist,  on 
the  snrfEux  of  &  earth,  a  nndeus  of  positive  or  negative  dectricitj, 
with  its  corresponding  zone  of  positive,  and  with  other  zones  of  elec- 
trified surface,  corresponding  in  number  to  those  of  the  doud  above, 
although  each  is  oppositely  electrified.    A  discharge  of  the  positive 
nudeus  above  into  that  of  the  negative  bdow  is  commonly  that 
which  occurs  when  a  flash  of  lightning  is  seen ;  or  from  the  positive 
bdow  to  the  n^ative  above,  as  the  case  may  be :  and  this  discharge 
may  take  place,  according  to  the  laws  of  electcidty,  through  any  or 
all  of  the  surroimding  zones,  wUluntt  influencing  tkrir  rttpectwe  elec- 
tricities  otberwise  tiian  by  weakening  their  force,  by  the  removal  of  a 
portion  of  the  electric  fluid  from  the  central  nudeus  above  to  that 
below  :  every  successive  flash  from  the  doud  to  the  earth,  or  fitxn 
the  earth  to  the  cloud,  weakening  the  charge  of  the  plate  of  air,  of 
which  the  doud  and  the  earth  form  the  two  oppodte  coatings. 
Much  might  be  said  on  this  head,  of  which  the  above  is  but  a  sUgiit 
sketch."* 

To  this  we  may  add  that,  from  some  recent  experiments  on  the 
phenomena  of  induction,  Faraday  has  been  led  to  a  very  gene- 
ral illustration  of  the  probable  structure  of  a  thunder-doud.  An 
insulated  charged  ball  is  suspended  within  an  insiilati^  ice-pail ;  the 
inductive  effects  of  the  ice-pail  on  external  bodies  are  the  same 
whether  the  ball  be  held  concentric  or  eccentric,  near  the  surface  or 
near  the  bottom ;  and,  finally,  if  the  ball  touch  the  pail  so  as  to  de- 
liver up  its  charge,  the  inductive  effect  remains  unchanged.  If  seve- 
ral ice-pails  are  placed  one  within  the  other,  and  preserved  fitwa 
contact  by  insulating  sheets  of  shell-lac,  the  effects  remain  constant 
whether  the  charge  be  in  the  ball  or  in  dther  of  the  pails.  When 
several  diarged  balls  are  used,  their  actions  suffer  no  interference ; 
but  each  acts  independently  of  the  other,  and  the  sum  of  their  indi- 
vidual powers  is  obtained. 

"  A  curious  consideration,"  says  Faraday,  *'  arises  fit>m  this 
perfection  of  inductive  action.  Suppose  a  thin  uncharged  metallic 
globe,  two  or  three  feet  in  diameter,  insulated  in  the  middle  of  a 
chamber ;  and  then,  suppose  the  space  within  this  globe  occupied  by 
myriads  of  little  vesides  or  particles,  charged  alike  with  dectridty 
(or  differently),  but  each  insulated  from  its  neighbour  and  the  globe; 
their  inductive  power  would  be  such  that  the  outside  of  the  ^obe 
would  be  chained  with  a  force  equal  to  the  sum  of  aU  their  forces, 
and  any  part  of  this  globe  (not  charged  of  itsdf  )  would  sive  as  long 
and  powerful  a  spark  to  a  body  brought  near  it,  as  if  the  dectridty  ^ 
all  the  partides  near  and  distant  were  on  the  surface  of  the  globe 
itself.  If  we  pass  from  this  consideration  to  the  case  of  a  doud, 
then,  though  we  cannot  altogether  compare  the  external  sur&ce  of 
the  doud  to  the  metallic  surface  of  the  globe,  yet  the  previous  induc- 
tive effects  upon  the  earth  and  its  buildings  are  the  same ;  and,  whm 
a  charged  doud  is  over  the  earth,  although  its  dectridty  may  be  dif* 
fused  over  every  one  of  its  partides,  and  no  important  part  of  the 
induetrie  charge  be  accumulated  upon  its  under  surfiaoe,  yet  the  induc- 
tion upon  the  earth  will  be  as  strong  as  if  all  that  portion  of  force 

•  r{deJX0A3>*BElecMcii^tV,9i, 
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"wliicli  i^  directed  towards  the  earth  were  npon  that  surface  ;  and  the 
state  at  the  earth,  and  its  tendency  to  discharge  to  the  doad,  will  also 
be  as  strong  in  the  former  as  in  the  latter  case.  As  to  whether 
Ughtning-difiMsharge  begins  first  at  the  cloud  or  at  the  earth,  tiiat  is  a 
matter  for  more  diiBciut  to  decide  than  is  usually  supposed ;  tiieoreti- 
cal  notions  would  lead  me  to  expect  that,  in  most  cases,  perhaps  in 
all,  it  begins  at  the  earth."* 

Note  s.  {vide  p.  368.) 

The  present  imperfect  state  of  our  knowledge  of  the  phenomena  of 
storms  mduces  us  to  examine  patiently  eyery  statement  which  may 
tend  to  throw  light  on  the  subject.  We  have  seen  in  the  previous 
note  the  characteristics  of  a  storm-cloud,  and  the  phenomena,  to  a 
certain  extent,  of  its  discharge ;  we  have  now  to  notice  M.  Tessan^b 
views  of  the  hydro-meteorological  phenomena,  concurrent  with  a 
violent  discharge ;  and  I  must  confess  to  a  partiality  towards  this 
view,  although  in  this  I  differ  from  M.  Kaemtz,  as  given  in  the 
text. 

M.  Tessan  first  refers  to  the  homogeneous  repulsion  of  similarly 
electrised  particles  ;  and  considers  that,  if  a  lightning-cloud  is  con- 
stituted, as  we  have  reason  to  believe,  of  such  particles,  it  will  swell 
out  until  this  expansive  tendency  is  wi  equiUbrio  with  the  pressure  of 
the  atmosphere ;  and  if  a  cloud  is  highly  charged  with  electricity,  its 
dilatation  will  be  very  considerable.  If,  under  such  circumstances,  a 
flash  of  lightning  occurs,  the  cloud  will  be  discharged  in  whole  or  in 
part  of  its  eledxicity,  and  the  exterior  air,  bong  no  loneer  held  in 
eqwl^nio,  will  press  in  upon  the  doud,  and  reduce  its  dimensions. 
**  The  rushing  of  the  air,'*  he  says,  *'  must  produce  in  the  region 
which  it  occupies  a  very  strong  and  deep  noue,  and  determine,  also,  a 
gnat  precipitation  of  vapour.  So  that  this  is  the  cause  of  the  noise 
of  thunder  and  the  torrent  of  rain  which  follows  it.^f 

This  view  takes  for  granted  that  the  lightning  precedes  the  rain ; 
M.  Kaemtz  is  of  the  contrary  opinion :  he  conceives,  as  we  see  in 
the  text,  that  the  storm  produces  the  electricity j  and  not  the  electricity 
the  storm.  The  question  of  priority,  in  this  instance,  is  of  consi- 
derable moment,  and  we  therefore  press  upon  our  readers  the  follow- 
ing extract  from  the  instructions  published  by  the  Royal  Society 
in  1840:  — 

'*  The  phenomena  of  ordinary  thunder-storms  may  be  thought  to 
afford  little  matter  for  remark  ;  and  extraordinary  ones  will  be  noted 
ci  course.  Yet  there  is  one  point  to  which  we  would  wish  that  some 
attention  might  be  paid, — ^it  is  the  sudden  rush  of  rain  which  is  almost 
sure  to  succeed  a  violent  detonation  immediately  overhead.  Is  this 
rain  a  cause  or  a  consequence  of  the  electric  mscharge?  Opinion 
would  seem  to  lean  to  the  latter  side ;  or,  rather,  we  are  not  aware 
that  the  former  has  been  maintained,  or  even  suggested.  Yet  it  is 
very  defensible.  In  the  sudden  agglomeration  of  many  minute  and 
feeble  electrified  globules  into  one  rain-drop,  the  quantity  of  dectridbr 
is  increased  in  a  greater  proportion  than  the  surface  over  which 
(according  to  the  laws  of  electric  distribution)  it  is  spread.    Its  ten- 

«  Vide  Pkil.  Mag.  Mansh,  1843. 

t  Vide  Congaes  rendus  de  I* Acad.  Maj  6, 1841. 
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rioa,  tlierefore,  is  increased,  and  mayattain  the  point,  «iieniti8ea9»-> 
Ue  of  separating  from  the  drop  to  acA  the  snrftee  of  tiie  dmid^  or  of 


the  newly  ftwrned  deaoendinff  body  of  rain,  which,  under  socfa 
8tance8,andwithre™cttodectridtyof8nAatfnrion,mnyberegnrdBd 
as  a  oondncting  medhun.  Arrhred  at  this  sarfhee,  the  tension,  lor  tke 
same  reason,  becomes  enonnoos,  and  a  flash  cseapes. 

"  The  fidlowing  paints  should  be  observed  with  a  view-  to  tliis 
mode  of  regarding  the  formation  of  Hgfatning.  Ist.  The  aetuai  elec- 
trical state  of  thai  rain  whidi  follows  suddenly  after  a  dischniige  ori- 
ginating TcrticaUy  OYerhaad. 

"  3d.  Whether  lightning  occors  without  rain,  tn  the  ummediafe 
pomt  where  U  on^maies,  or,  at  least,  without  «  rapid  fofmatioB  and 
increase  of  doud  at  that  MMnt. 

"  3d.  Whether  lightmng  proceeds  tram  a  doud  undcargoing  actual 
dinunution  from  evaporation. 

"  4th.  Whether  the  cnmular  douds,  already  noticed  as  oonttnoally 
forming  and  raining  in  the  calm  latitudes,  send  forth  flashes  of  Ught- 
ning;  and  if  so,  under  what  conditions,  and  with  what  effects.*' 

The  order  of  the  phenomena,  in  the  case  of  this  stom,  which  give 
rise  to  M.  Tbssan's  observations,  is  thus  expressed :  "  The  flashes 
of  lightning,  of  a  terrific  brilliancy,  succeeded  each  other  with  extrenoe 
rapidity,  and  were  almost  instantly  followed  by  tremendous  daps  of 
thunder,  which  were  themselves  suooMded  by  dduging  showera.*' 


NoTB  t.  {vide  p.  387.) 

Vegetable  points  possess  extraordinary  powers  of  conduction,  in 
many  cases  far  surpassing  that  of  the  metids  themsdves.  This  pro- 
perty is  not  generally  recognised ;  it  was  laid  down  in  J.  Williams* 
CHmate  qf  Great  Britaai,  and  has  been  revived  by  Mr.  Pink,  of 
Maidstone,  who  made  the  observation  that  a  blade  tfgran  is  a  better 
conductor  of  dectridty  than  a  iieel  needle ;  and  that  tiie  spines 
upon  thorns,  gooseberry-bushes,  &c.,  and,  indeed,  the  whde  creation 
of  buds  and  leaves,  have  the  properly  of  silently  dravring  off  and  con- 
ducting away  elecbidty.  As  illustrations :  a  Leyden  jar  vras  repeat- 
edly d^charged  by  a  vegetable  point  in  4"  6*;  while  the  same  jar 
retained  its  charge  for  II"  18^  under  the  influence  of  a  metalhe 
point.  A  Bennett's  gold-leaf  electroscope,  famished  with  a  braaeh 
of  the  shrub  called  Buteher*t  Broom,  vras  powerfully  affeded  by  a 
charged  jar,  at  the  distance  of  seven  feet,  while  an  instrument,  fitted  up 
in  the  usual  way  with  a  metal  point,  was  not  acted  on  until  brought 
within  a  distance  of  two  feet.  A  similar  instrument  gave  indicatzoas 
of  electridty,  l>y  the  passing  of  clouds  at  great  devations,  when  other 
ordinary  instruments  were  inactive. 

Note  «.  (vide  p.  403.) 

Messrs.  Fieeau  and  Foucault  have  latdy  described  experi- 
ments, in  which  they  have  exposed  Daguerrian  plates  to  rays  of  hght, 
and  have  measured  its  intensity  by  the  chemical  effects.  A  suver 
plate  is  exposed  to  the  vapour  of  iodine  ;  it  is  then  placed  va  a  dark 
chamber,  fitted  with  an  achromatic  lens :  the  rays  of  the  sun  are 
then  allowed  to  impinge  on  five  or  six  diflierent  spots  (tf  its  suifue,  for 


fa 
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Afferent  periods  cm  each :  the  times  oorrespondfaig  to  each  spot  are 
preserved.  The  plate  is  then  exposed  to  the  yapoar  of  merduy,  and 
ft  series  of  decreasing  images  is  thus  brought  out ;  the  time  corre* 
sponding  to  the  first,  or  nascent  image,  is  noted.  This  time,  ^th  tlie 
aperture  of  the  lens  and  the  focal  dbtance,  are  the  data  for  deducing 
comparative  measurements.  Hie  following  equation  gives  the  rela- 
tion between  the  intensities  of  two  luminous  sources,  in  the  most 
general  cases  :-^ 


I    _^  i^  tong.«  g* 
V  '~'  t  tonff.'a 


tong. 

I  and  I*  are  the  relative  intensities  when  a  nascent  image  is  produced 
in  times  t  and  t^j  with  the  an^es  of  the  lens,  as  seen  nom  the  focus, 
respectively  a  and  a^. 

On  the  2d  of  April,  1844,  at  fifteen  minutes  past  eleven,  and 
on  the  same  day  at  forty  minutes  past  noon,  they  obtained  a  nuximMm 
of  intensity,  which  they  called  1000.  On  the  20th  of  September, 
at  two  o'clock,  under  a  pale  blue  sky,  the  intensity  was  751.  The 
lens  they  employed  had  a  focal  distance  of  forty-five  inches ;  and  its 
aperture  could  be  varied  by  a  diaphragm  firom  ,051  to  ,118  inch. 
Ijiey  promise  to  repeat  their  experiments. 

It  will  be  observed,  that  these  values  represent  the  dunucal  inten- 
sities of  the  light ;  but  other  experiments  Imd  led  them  **  to  regard  as 
very  probable  that  the  luminous  radiations,  emanating  from  duFerent 
sources,  but  which  produce  white  light,  possess  optiaU  and  ehemieal 
intensities  in  the  same  ratios.'** 

Note  r.  (vide  p.  446.) 

The  declination  of  the  magnetic  needle  at  Greenwich  firom  the  me- 
ridian of  Greenwidi  at  the  present  time  is  24®« 

NOTK  to.  {vide  p.  452.) 

The  exceeding  brilliancy  of  the  aurors  seen  by  M.  Lottin,  and 
alluded  to  in  a  note  by  M.  Brayais,  inclines  me  to  sive  plates  of 
two  of  the  most  magnificent  forms  which  they  assumed,  and  also  to 
take  the  fc^owing  descriptive  extract  firom  Laronbr  and  Walker's 
BleetricUy  and  Meteorology ,  vol.  ii.  p.  225 : — 

«  During  the  winter  <M  1838-0,  M.  Lottin  observed  the  auroras 
at  Bosekop,  in  the  bay  of  Altcn,  on  the  coast  id  West  Finmark,  in  the 
latitude  of  70°  N.  Between  September  1838,  and  April  1839,  being  an 
interval  of  206  days,  he  observed  143  auroras :  they  were  most  fire- 
ouent  during  the  period  which  the  sun  remained  below  the  horison, 
that  is,  from  the  17th  of  November  to  the  25th  of  January.  During 
tUs  night  of  seventy  times  twenty-four  hours,  there  were  sixty-four 
auroras  visible,  without  counting  those  which  were  rendered  Invisible 
by  a  clouded  sky,  but  the  presence  of  which  was  indicated  by  the  dis- 
turbance they  produced  on  the  magnetic  needle. 

"  Without  entering  into  the  details  of  the  individual  appearances 
cX  these  meteors,  we  shall  here  briefiy  describe  the  appearances  and 
the  succession  of  changes  which  they  usually  presented. 

•  Ykls  OMqMM  Bemdmt,  April  n,  1S44. 


584  APPEin>n^  ko.  n. 

"  Between  the  boon  of  four  and  eight  o'dock  in  the  afteraaon,  m 
light  sea-fog,  which  almost  constantly  prevailed,  extending  to  the  alti-' 
tttde  of  from  4°  to  6^,  became  coloured  on  its  upper  border,  ch*,  ratberv 
was  fringed  with  the  light  of  the  aurora,  which  was  then  behind  it ; 
this  border  became  grc^nally  more  regular,  and  took  the  form  of  an 
arc  of  a  pale  yellow  colour,  the  edges  of  which  were  difl^se,  and  the 
extremities  rested  on  the  horizon.  This  bow  swelled  upwards  more 
or  less  slowly,  its  vertex  being  constantly  on  the  magnetic  meridian, 
or  very  nearly  so.  It  was  not  easy  to  determine  this  wiUi  precisioiiy 
because  of  the  motion  of  the  bow,  and  the  great  magnitude  of  tibe 
curde,  of  which  it  formed  but  a  small  segment:  blackish  streaks 
divided  regularly  the  luminous  matter  of  the  arc,  and  resolved  it  into 
a  system  of  rays ;  these  rays  were  alternately  extended  and  contracted; 
sometimes  slowly,  sometimes  instantaneously ;  sometimes  they  would 
dart  out,  increasing  and  diminishing  suddenly,  in  splendour.  The  in- 
ferior padis,  or  the  feet  of  the  rays,  presented  always  the  most  vivid 
light,  and  formed  an  arc  more  or  less  regular.  Tlie  length  of  these 
rays  was  very  various,  but  they  all  converged  to  that  point  of  the 
heavens  indicated  by  the  direction  of  the  southern  pole  of  the  dipping 
needle.  Sometimes  they  were  prolonged  to  the  point  where  their 
directions  intersected,  and  formed  the  summit  of  an  enormous  dome 
of  light. 

**  The  bow  would  then  continue  to  ascend  towards  the  zenith :  it 
would  suffer  an  undulatory  motion  in  its  light ;  that  is  to  say,  that 
fit)m  one  extremity  to  the  other  the  brightness  of  the  rays  would  in- 
crease successively  in  intensity.  This  luminous  current  would  appear 
several  times  in  quick  succession,  and  it  would  pass  much  more  fiv- 
quently  fr*om  west  to  east  than  in  the  opposite  direction.  Sometime, 
but  rarely,  a  retrograde  motion  would  take  place  immediately  after- 
wards ;  and  as  soon  as  this  wave  of  light  would  run  successively  over 
all  the  ravs  of  the  aurora  from  west  to  east,  it  would  return,  in  the 
contrary  direction,  to  the  point  of  its  departure,  producing  such  an 
effect  that  it  was  impossible  to  say  whether  the  rays  themselves  were 
actually  affected  by  a  motion  of  translation  in  a  direction  neariy 
horizontal,  or  if  this  more  vivid  light  was  transferred  from  ray  to  ray, 
the  system  of  rays  themselves  suffering  no  change  of  position. 

**  The  bow,  thus  presenting  the  appearance  of  an  alternate  motion 
in  a  direction  nearly  horizontal,  had  usually  the  appearance  of  the 
undulations  or  folds  of  a  riband,  or  flag  agitated  by  the  wind,  as 
represented  in  Plate  vii.  Sometimes  one  and  sometimes  both  of 
its  extremities  would  desert  the  horizon,  and  then  its  {Mb  would 
become  more  numerous  and  marked,  the  bow  would  change  its  cha- 
racter, and  assume  the  form  of  a  long  sheet  of  rays  returning  into 
itself,  and  consisting  of  several  parts  forming  graceful  curves,  as  re- 
presented in  Plate  viii.  The  brightness  of  the  ra3rs  would  vary 
suddeidy,  sometimes  surpassing  in  splendour  stars  of  the  first  mag- 
nitude; these  rays  would  rapidly  dart  out,  and  curves  would  be 
formed  and  developed  like  the  folds  of  a  serpent ;  then  the  rays  would 
afftet  various  colours,  the  base  would  be  red,  the  middle  green,  and 
the  remainder  would  preserve  its  clear  yellow  hue.  Such  vras  the 
arrangement  which  the  colours  always  preserved ;  they  were  of  ad- 
miraUe  transparency,  the  base  exhibiting  blood-red,  and  the  green  of 
the  middle  being  that  of  the  pale  emendd ;  the  brightneas  would  di- 
minish, the  colours  disappear,  and  all  be  extingmshed,  sometimes 
suddenly,  and  sometimes  by  slow  degrees.    After  this  disappearance, 
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fragments  of  the  bow  would  be  reproduced,  would  continue  their 
upward  movement,  and  approach  the  zenith ;  the  rays,  by  the  effect 
of  perspectiye,  would  be  gradually  shortened ;  the  thickness  of  the 
arc,  which  presented  then  the  appearance  of  a  large  zone  of  parallel 
rays,  would  be  estimated;  then  the  vertex  of  the  bow  would  reach  the 
magnetic  zenith,  or  the  point  to  which  the  south  pole  of  the  dipping 
needle  is  directed.  At  that  moment  the  rays  would  be  seen  in  the  di- 
rection of  their  feet.  If  they  were  coloured,  they  would  appear  as  a 
large  red  band,  through  which  the  green  tints  of  their  superior  parts 
could  be  distingfuished ;  and  if  the  wave  of  light  above-mentioned 
passed  along  them,  theh>  feet  would  form  a  long  sinuous  undulating 
zone,  while,  throughout  all  these  changes,  the  rays  would  never 
suffer  any  oscillation  in  the  direction  of  their  axis,  and  would  con- 
stantlv  preserve  their  mutual  parallelisms. 

While  these  appearance  are  manifested,  new  bows  are  formed, 
either  commencing  in  the  same  diffuse  manner,  or  with  vivid  and 
ready  formed  rays :  f^ey  succeed  each  other,  passing  through  nearly 
the  same  phases,  and  arrange  themselves  at  certain  distances  from 
each  other.  As  many  as  nine  have  been  counted,  forming  as  many 
bows,  having  their  ends  supported  on  the  earth,  and,  in  their  arrange- 
ment, reseinblinff  the  shoil  curtains  suspended  one  behind  the  other 
over  the  scene  of  a  theatre,  and  intended  to  represent  the  sky.  Some- 
times the  intervals  between  these  bows  dimii^sh,  and  two  or  more  of 
them  close  upon  each  other,  formine  one  large  zone,  traversing  the 
heavens,  and  disappearing  towards  ue  south,  becoming  rapidly  feeble 
after  passing  the  zenith.  But  sometimes,  also,  when  this  zone  ex- 
tends over  uie  summit  of  the  firmament  firom  east  to  west,  the  mass 
of  rays  which  have  already  passed  beyond  the  magnetic  zenith  appear 
suddenly  to  come  from  the  south,  and  to  form  with  those  from  the 
north  the  real  boreal  corona,  all  the  rays  of  which  converge  to  the 
zenith.  This  appearance  of  a  crown,  therefore,  is  doubtless  the  mere 
effect  of  perspective ;  and  an  observer,  placed  at  the  same  instant  at  a 
certain  distance  to  the  north  or  to  the  south,  would  perceive  only  an 
arc. 

The  total  zone  measuring  less  in  the  direction  north  and  south 
than  in  the  direction  east  and  west,  since  it  often  leans  upon  the 
earth,  the  corona  would  be  expected  to  have  an  elliptical  form ';  but 
that  does  not  always  happen :  it  has  been  seen  circular,  the  unequal 
rays  not  extending  to  a  greater  distance  than  Arom  8**  to  12*  from  the 
zenith,  while  tSt  other  times  they  reach  the  horizon. 

Let  it,  then,  be  imagined,  that  all  these  vivid  rays  of  light  issue 
forth  with  splendour,  subject  to  continual  and  sudden  variations  in 
their  length  and  brightness ;  that  these  beautifiil  red  and  green  tints 
colour  them  at  intervals ;  that  waves  of  light  undulate  over  them ; 
that  currents  of  light  succeed  each  other ;  and,  in  fine,  that  the  vast 
firmament  presents  one  immense  and  magnificent  dome  of  light, 
reposing  on  the  snow-covered  base  supplied  by  the  ground,  which 
itself  serves  as  a  dazzling  frame  for  a  sea,  calm  and  black  as  a  pitohy 
lake ;  and  some  idea,  though  an  imperfect  one,  may  be  obtained  of 
the  splendid  spectacle  which  presents  itself  to  him  who  witnesses  the 
aurora  frt>m  the  Bay  of  Alten. 

The  corona,  when  it  is  formed,  only  lasts  for  some  minutes :  it 
sometimes  forms  suddenly,  without  any  previous  bow.  There  are 
rarely  more  than  two  on  the  same  night ;  and  many  of  the  auroras 
•re  attended  with  no  crown  at  all. 

cc2 
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The  corona  beoomes  gradually  hint,  the  whole  pheoome&on  besBg 
to  the  south  of  the  zenith,  forming  bows  gradually  {Kder,  and  generally 
^Usappearing  before  they  reach  thie  southern  horison.  All  £is  most 
commonly  tokes  place  in  the  first  half  of  the  night,  after  which  the 
aurora  appears  to  have  lost  its  intensity:  the  pendla  of  rays,  tlie 
bands  and  the  fragments  of  bows,  i4>pear  and  disappear  at  intervals ; 
then  the  rays  become  more  and  more  diffused,  and  ultimately  moige 
into  the  vague  and  feeble  light  which  is  spread  over  the  heavena 
grouped  like  little  clouds,  and  designated  by  the  name  of  owonai 
plates  {plaquea  mtrorales).  Thdr  nulky  light  frequently  under;goes 
striking  chuiKes  in  its  brightness,  like  motions  of  dilatation  and  oon- 
traction,  which  are  propagated  reciprocally  between  the  centre  and  the 
drcumferenoe,  like  those  which  are  observed  in  marine  ■**«"»*'«  catted 
MedusK.  The  phenomena  become  gradually  more  fiunt,  and  gene- 
rally  disappear  altogether  on  the  appearance  of  twilight.  Sometiincs, 
however,  the  aurora  continues  after  the  commencement  of  daybveak, 
when  the  light  is  so  strong  that  a  printed  book  may  be  read.  It  then 
disappears,  sometimes  suddenly ;  but  it  often  happens  that,  as  the 
dayhght  augments,  the  aurora  becomes  gradually  vague  and  undefined, 
takes  a  whitish  colour,  and  is  ultimatdy  so  mingled  with  the  ciiro- 
stratus  clouds  that  it  is  impossible  to  distinguish  it  from  them." 


Note  x.  {vide  p.  461.) 

The  British  Government  have  published  the  first  of  a  series  d 
volumes  of  Obtervations  on  Days  of  Unusual  Magnetic  Disturbamee, 
fnade  at  the  British  Colonial  Magnetic  Observatories^  under  the  Depart' 
ment  of  the  Ordnance  and  Admiralty,  The  places  of  obserra- 
tion  are  St.  Helena,  Toronto,  Van  Dieman's  Land,  and  the  C^pe  of 
Good  Hope.  The  following  extract  from  the  preface  by  Lieut.-coL 
Sabine,  under  whose  superintendence  the  volume  is  puolished,  con- 
tains distinct  evidence  of  the  connexion  between  aurorae  and  magnetie 
disturbance :  — 

"  On  examining  the  meteorological  registers  at  the  Toronto  Ob- 
servatory, with  reference  to  the  appearance  of  aurora  on  the  twenty- 
four  days  of  principal  magnetic  disturbance  at  that  station  (in  1840-1), 
it  appears  that,  on  thirteen  days  of  the  twenty-four,  the  aurora  was 
visible ;  and  that  on  the  remaining  eleven  days,  the  sky  was  cither 
densely  overcast  or  heavily  doudra,'  'so  that  the  aurora,  though  it 
might  exist,  could  not  be  seen. 


Jan.  18»  Faint  auroral  light. 

„   97.  Auroral  light  In  north. 
Feb.    9>  Densely  overcast. 

M   S3,  Faint  auroral  light. 
Mar.  1ft,  Bright  aurora. 

„   32,  Generally  overcast. 
May  11),  Densely  clouded,  with  rain. 
July  19,  Bright  aurora. 
.   „   28,  Heavily  overcast,  with  thun. 

der. 
Aug.  16,  Brilliant  aurora. 

f  f   23,  Faint  aurora. 

„   2(>,  Overcast,  with  base. 


tt 


Sep.  13,  Aurora,  with  itrcamen  and 
pulsations. 

„   21,  Heavily  clouded,  with  rala. 

„   25,  Bright  aurora. 
Oct.    9,  Brilliant  aurora. 

,,   89,  Bright  aurora. 
Nov.  ft.  Paint  aur«>ral  light. 

„     6,  Densely  clouded. 

„   11,  Densely  clouded,  with  rain. 

,,    18,  Brilltaui  aurora. 
Dec.    3,  Densely  clouded,  with  raia. 

„   14,  Densely  clouded. 

„   Ml.  Overcast,  with  i 


The  connection  between  aurora  and  magnetic  distuibaaee, 
^ach  viewed  as  a  local  phenomenon,  has  often. l^en  remarked:  the 
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days,  in  the  above  list,  on  which  both  oocarred  together,  were,  how- 
ever, days  of  disturbance  at  Prague  and  Van  Dieman^s  Island,  as  well 
as  at  Toronto.  It  would  seem,  therefore,  that  we  may  view  the 
occurrence  of  aurora  at  Toronto,  on  these  occasions,  as  a  local  mani- 
festation connected  with  magnetic  effects,  which,  whatever  may  have 
been  their  origin,  probably  prevailed  on  the  same  day,  over  the  whole 
surfeux  of  the  glol]«." 


Note  y.  {vide  p.  486.) 

Plate  IX.  represents  Oslkr's  anemometer,  as  erected  at  the  Royal 
'Polytechnic  Institution.  The  following  description  is  from  the  Quar'" 
terJy  Journal  qf  Meteorology ^  No.  VI. : — 

....  "An  illustrated  account  of  Mr.  Follet  Osler's  anemo- 
meter, an  instrument  that  is  calculated,  from  its  exceedingly  ingeni^ 
ous  construction,  to  didt  not  only  the  admiration  of  the  lover  of 
mechanical  contrivances,  but  also,  from  the  important  results  ob- 
tained from  its  workings,  the  warmest  thanks  on  the  part  of  all 
meteorologists  to  Mr.  Obler. — We  may  here  mention,  that  a  some- 
what similar  instrument,  constructed  to  effect  the  same  results,  was 
for  two  years  in  operation  at  Swansea,  in  Glamorganshire,  originaUy 
designed  by  Mr.  Edmonds,  a  gentleman  of  eminent  mechani«d  ac- 
quirements, and  improved  upon  by  Mr.  Gutcu,  on  whose  premises, 
at  Swansea,  it  was  erected,  and  now  transferred  to  the  Royal  Insti- 
tution in  that  town  ;  the  results  for  the  two  years  are  at  present  in 
the  Society's  library.  An  instrument  that  will  faithfully  register 
every  momentary  variation  of  the  wind,  force  of  the  same,  and  fidl  of 
rain,  was  a  very  great  desideratum  in  meteorological  sdence,  and  the 
results  already  gained  from  the  operations  of  this  instrument  have 
folly  realised  the  anticipations  that  were  at  first  formed  of  it.  The 
advantages  of  this  mode  of  operation  are  various  and  considerable — 
the  eye  is  enabled  to  detect  at  a  glance  the  relation  between  the  vari- 
ous instruments  ;  and  it  would  certainly  appear  that  we  are  enabled 
more  easily  to  work  out  results  from  this  system  than  by  any  hitherto 
devised  means.  The  rise  of  the  wind  generally  towards  noon,  or 
about  3  P.M.,  is  very  striking,  especially  as  summer  advances,  and  the 
almost  total  cessation  of  all  currents  at  night,  is  plainly  shewn  ;  the 
order  of  succession  of  the  various  winds,  and  their  rise  and  fall, — 
the  circumstances  that  preceded,  accompanied,  and  followed  all  th« 
variations  of  the  thermometer,  barometer,  and,  in  fact,  all  the 
changes  of  this  most  changeable  of  all  climates,  may  thus  be  traced, 
where  ./S^res  would  give  no  idea  at  all.  One  of  these  most  ingenious 
instruments  may  be  seen  in  daily  operation  at  the  Polytechnic  Insti- 
tution, another  is  erected  at  the  Institution  at  Birmingham,  a  third 
at  Plymouth,  and  several  have  been  sent  to  the  foreign  magnetic 
observatories. 

<<  The  instrument  consists,  first,  of  a  vane,  S ;  the  one  in  use  at 
Birmingham  was  fifteen  feet  long,  being  made  of  this  length  the  better 
to  ensure  steady  action.  The  shorter  the  vane,  the  brother  the  track 
is  of  the  eoursef  as  the  pulsations  are  greater.  Mr.  Osler  is  of 
opinion  that  a  long  streamer  at  the  end  of  a  short  vane  would  answer 
just  as  well,  and  perhaps  better.  A  vane  of  a  wedge-shape  form,  as 
in  the  figure,  Plate  ix.  is  the  one  now  found  best  to  answer  the  pur* 
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pose,  for  a  flat  vane  is  always  in  a  nentral  line,  and  therefbire  is  not 
found  to  be  as  accurate  or  sensitive. 

"  At  the  lower  end  of  the  tube,  AA,  is  a  small  pinion,  B,  working 
in  a  rack,  which  works  backwards  and  forwards  as  the  wind  presses 
the  vane.  To  this  rack  a  pencil,  C,  is  attached,  wliich  marks  the  di- 
rection of  the  wind  on  a  paper,  DD,  ruled  with  cardinal  points,  and 
so  adjusted  as  to  progress  at  the  rate  of  half  an  inch  per  hoar,  by 
means  of  a  simple  contrivance  connecting  it  vrith  a  dock. 

"  The  pressure-plate,  £,  for  ascertaining  the  force  of  the  vrind,  is 
one  foot  square,  placed  immediately  beneath  and  at  right  angles  vith 
the  vane ;  it  is  supported  by  light  bars  rujpning  horizontally  on  friC' 
tion  roUers,  and  communicating  with  spiral  springs,  so  that  the  plate, 
when  affected  by  the  pressure  of  the  wind,  acts  upon  them,  rnd  they 
transfer  such  action  to  a  copper  chain  passing  down  the  interior  of 
the  tube,  indicating  the  direction  or  main  tube,  and  passing-  over  the 
bottom  roller ;  a  light  copper  wire  is  connected  to  tiiis  dudn,  com- 
municating with  the  pencil,  which  thus  registers  the  force   of  the 
wind  upon  the  same  paper  as  the  direction  is  marked,  being  previ- 
ously ruled  in  divisions  indicating  pounds ;  the  pressure-plate  is  con- 
nected with  a  series  of  spiral  springs.    Mr.  Oslbr  much  prefers  a 
spring  to  any  other  means  for  ascertaining  the  force  of  the  wind,  be- 
cause it  is  of  the  highest  importance  to  Imve  as  little  matter  in  noo- 
tion  as  possible,  otherwise  the  momentum  acqmred  will  cause  the 
pressure-plate  to  give  very  erroneous  indications.    The  pressure- 
plate  is  as  light  as  is  consistent  with  strength,  as  also  are  the  bars  that 
carry  it. 

"  The  rain-funnel,  U,  is  an  apparatus  exposing  an  area  of  900 
square  inches,  and  is  fixed  on  the  roof  of  the  omldmg,  as  fairiy  ex- 
posed as  possible.    The  water  collected  in  it  is  conveyed  by  a  tube 
through  the  roof  down  to  the  registering  table,  and  into  a  glass  vessel, 
H,  so  adjusted  and  graduated  as  to  indicate  a  (quarter  ol  an  indi  of 
water  for  every  200  square  inches  of  surface ;  t.  e.  50  cubic  inches. 
The  rain-gauge  is  a  g^ass  vessel  three  inches  and  a  half  in  diameter^ 
and  five  inches  and  a  half  in  the  straight  part  of  the  body.    Connected 
with  this  vessel  is  a  radius  bar,  M,  of  which  a  magnified  view  la 
given  in  the  lower  part  of  the  plate,  holding  a  pencil  point.    When  the 
gauge  is  full,  it  discharges  its  contents  by  a  modification  of  the  83rphoii, 
made  as  follows : — ^A  glass  tube,  open  at  both  ends,  is  cemented  into 
the  bottom  of  the  cvlindrical  part  of  the  glass  reservoir,  over  this  tube 
a  large  one,  closed  at  the  top  (like  a  small  bell-^SLSs),  is  placed. 
The  smaller  tube  thus  forms  the  longest  leg,  and  tlw  lai^ger  tube  the 
shortest  leg  of  the  syphon.    This  contrivance  has  a  peculiar  advan- 
tage over  the  common  bent  syphon ;    for  as  its  tubes  are  both 
straight,  and  of  considerable  sixe,  they  are  not  likely  to  be  dogged 
by  the  rain  water,  and  are  most  easily  deaned  by  passing  into  Uiem 
a  copper  wire,  or  a  strip  of  cane  or  whalebone,  having  a  bit  of  tow 
or  sponge  at  the  end.    The  mode  in  which  the  syphon  is  brought 
into  action  is  sufiidently  simple  :  the  water,  havinr  risen  to  tbt  levd 
of  the  top  of  the  inner  tube,  drops  over  into  the  httle  copper  tflt  in 
the  globe,  R,  beneath  the  reservoir ;  this  tUt  is  divided  in  luUf  by  a  slip 
of  copper,  and  placed  upon  an  axis,  not  exactly  balanced,  but  so  that 
one  end  or  other  preponderatos.    The  water  then  drops  into  the  end 
of  the  tilt  which  happens  to  be  uppermost,  and,  when  quite  foil,  it 
falls  over,  throwing  the  water  into  the  pipe  of  the  globe,  in  which  the 
tflt  Is  placed.    In  this  way  an  imperfect  vacuum  is  produced  in  the 
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globe  quite  soffident  to  produce  a  draught  In  the  small  tube  of  the 
syphon,  or  the  longest  leg ;  and  the  whole  contents  of  the  reserroir 
inunediatdy  run  off  into  a  glass  vessel  placed  for  their  reception. 
The  reservoir  having  been  released  from  the  water,  certain  weights, 
L,  raise  it  to  its  original  and  proper  height,  and  the  radius-bar  takes 
the  pencil  back  to  the  zero  point. 

**  The  cost  of  one  of  these  instruments,  complete,  is  50/. ;  they  are 
manufiustured  by  Mr.  Newman,  in  Regent  Street,  who  has  also 
effected  several  important  improvements  on  the  original  one,  as  con- 
structed by  Mr.  CSslsr." 


Whewell's  anemometer  was  mentioned  at  Note  i,  p.  672. 

"  It  exhibits,  upon  a  diagram,  not  only  the  direction  and  the  force, 
but  the  direction  and  integral  effect  of  the  wind,  but  which  is  more 
complex  in  its  construction  [than  Osler's],  and  practically  more 
liable  to  derangement. 

'*  In  it,  a  small  set  of  windmill  vanes,  something  like  the  ventila- 
tors of  windows,  are  presented  to  the  wind  by  a  common  vane,  in 
whatever  direction  it  may  blow.  The  current,  as  it  passes,'  sets  these 
vanes  in  rapid  motion ;  and  a  train  of  wheels  and  pinions  reduces  the 
motion,  which  is  thence  communicated  to  a  pencil,  traversing  verti- 
cally, and  pressing  against  an  upright  cylinder,  which  forms  the  sup- 
port of  the  instrument :  1000  revolutions  of  the  fly  only  cause  the  pencil 
to  descend  ,05th  of  an  inch.  The  surface  of  the  cylinder  is  covered 
with  white  paper,  and  the  pencil,  as  the  vane  wavers,  keeps  tracing  a 
thick  irregular  liie,  like  the  shadings  on  the  coast  of  a  map.  Tht 
middle  of  the  line  may  be  easily  tnuxd,  and  it  gives  the  mean  direc- 
tion of  the  wind,  while  the  length  of  the  line  is  proportional  to  the 
velocitv  of  the  wind,  and  the  length  of  time  during  which  it  blows  in 
each  direction.*'* 


An  anemometer  has  been  described  in  the  Athenaum  [Sept.  21, 
1844],  by  Mr.  Goddard,  late  assistant  at  Lord  Wrotteslsy's 
observatory : — "  The  vane  is  double,  similar  to  that  of  Mr.  Osler's. 
It  is  fixed  to  and  therefore  turns  with  the  perpendicular  rod,  whidi 
inerces  the  ceiling,  reaching  within  a  few  feet  ox  the  sround,  resting 
on  the  end  or  top  of  a  cylinder  of  wood,  round  the  cvcumference  of 
which  are  placed,  level  with  the  top,  a  series  of  thirty-two  glass  cylin- 
drical tubM  of  equal  bore,  the  interstices  being  filled  up  neatly  with 
putty  or  cement.  Each  tube  represents  a  point  of  the  compass ;  and 
they  are  intended  to  hold  a  coloured  fluid,  and  are  therefore  sealed 
over  at  bottom,  similar,  in  fact,  to  test  tubes,  only  considerably 
larger ;  they  are  g^raduated  so  as  to  indicate  the  hdght  of  the  fluid 
witnin  them,  which  hdght  depends  directly  on  the  mUea  of  wind 
which  has  passed  the  vane  in  the  twenty-four  hours.  Above  the 
drde  of  tubes,  in  the  apparatus  which  deposits  the  Uquid  into  them, 
there  is  a  contrivance  affixed  to  the  pressure-plate,  by  means  of  which 
the  fluid  is  depodted  at  a  variable  rate,  but  always  depending  on  the 
force  on  the  pressure-plate  at  the  moment.  Thus,  if,  for  instance,  a 
drop  i^r  minute  answered  to  a  wind  of  one  mile  an  hour,  two  drops 
per  mmute  would  shew  a  velodty  d  two  miles  an  hour ;  flfty  drops  a 
minute,  flfty  miles  an  hour,  and  so  on ;  and,  as  the  tubes  collect  the 

•  Vide  Report  of  Committee  of  the  Royal  Society,  1840^  p.  71. 


690  APPBHBIX,  HO.  n. 

daily  deposit,  therefore,  by  simply  reading  off  the  daily  elevatioB  of 
the  fluid,  and  noting  the  respective  tube  or  tabes  in  which  it  as  loand, 
we  have  at  once  the  nnmber  of  miles  of  air  which  has  passed  the  sta- 
tion, as  well  as  the  direction.  To  describe  the  apparatos  by  wiiieh 
the  quantity  of  fluid  is  regulated,  so  as  to  flow  in  proportion  to  the 
wind's  velocity,  would  require  a  diagram  ;  but  the  general  duumcter 
is  suificiently  obvious  to  give  the  meteorologist  an  idea  of  it.  Mr. 
Osler's  dock  is  superseded  by  a  depsudra  arrangement,  and  tlK 
spiral  for  the  pressure-plate  is  replaced  by  the  natural  spring  of  wntcr, 
which  is  far  superior  to  any  artificial  spring." 


But,  among  sdf-registering  instrument,  none  seon  more  likdy 
to  advance  the  knowledge  of  meteorological  phenomenn,  with  giant 
strides,  than  the  contrivances  latdy  j^ected  by  Frof.  Wbbat* 
8TONE.    I  have  been  at  some  pains  to  possess  mysetf  of  the  details 
of  this  valuable  union  of  mechanical  and  physical  resources,  in  order 
to  give  correct  views  of  the  workings  of  these  instruments.    But, 
before  describing  one  of  the  prindpu  of  these  contrivances,  I  mnst 
explain  another  form  of  dectrictty,  and  its  properties,  of  wliich 
mention  has  not  yet  been  made  in  these  pages.    When  plates  ci 
metal,  zinc  and  copper,  for  instance,  are  immersed  in  add  water  or 
other  solution,   and  a  metallic  connection  is  established  between 
them,  a  continuous  dectric  action,  popularly  termed  an  dectric  car- 
renty  is  developed.    The  wire,  by  which  the  plates  are  connected,  is 
endowed  for  the  time  with  new  properties:   it  has  the  power  of 
deflecting  the  magnetic  needle  from  its  normal  pontion,  to  a  diredkicm 
at  right  angles  to  itself;  it  has  also  the  property  of  converting  soft 
iron  into  a  temporary,  and  sted  into  a  permanent,  magnet ;  for  ti>e 
latter  purposes,  the  wire  is  of  considerable  length,  is  covered  with 
cotton  or  silk,  and  coiled  round  the  iron  or  sted.    An  dectric  car- 
rent  possesses  various  other  properties;  but  as  they  are  not  concened 
in  the  action  of  the  instrument  at  present  under  consideration,  we 
need  not  make  any  Airther  allusion  to  them  here. 

The  instrument  about  to  be  described  reg^ters  the  atmospheric 
changes  by  means  of  this  property  of  a  voltaic  current  to  convert 
soft  iron  for  the  time  being  into  a  magnet. 

Figure  1,  Plate  x.  represents  '^'Die  Electro-nkagnetic  Meteoro- 
logical Register,"  with  all  its  parts  complete :  its  hei^t  as  it  stands, 
with  the  frame,  is  about  six  feet.  For  the  present,  it  is  a4justed  to 
register  the  range  of  three  instruments,  the  barometer  a,  the  thermo- 
meter 6,  and  the  psychrometer  or  wet-bulb  thermometer*  c;  but  it 
admits  of  the  addition  of  two  other  instruments.  It  consist  first  of 
a  regulator-clock,  of  which  A  is  the  pendulum  and  B  the  weight ;  to 
tb^&  clock  are  attached  all  the  regularly  recurring  movements  that 
require  to  be  introduced ;  and,  secondly,  of  a  trdn,  with  an  inde- 

Sendent  maintaining  power,  of  which  C  is  the  weight,  which  is 
berated  and  brought  into  play  only  at  the  moment  when  the  obser- 
vation is  made.  By  the  former  arrangement  the  observation  is 
made  ;  by  the  latter  it  is  printed. 

In  describinff  the  action  of  the  register,  it  will  be  enough  to  take 
the  case  of  one  mstrument,  the  barometer  for  example,  wldch,  in  the 

•riifep.79. 
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present  instance,  is  of  the  syplion  construction  y  for  what  is  true  of 
that  will  be  true  of  the  rest.  Bearing  in  mind  what  has  been  said 
of  the  power  possessed  by  a  voltaic  current  of  oonyerting  iron  for 
the  time  into  a  magnet,  refer  to  Plate  xi.  fig.  2,  which  represents 
B  somewhat  distorted  view  of  the  back  of  the  instrument.  F  is  an 
electro-magnet,  that  is  to  say,  a  bent  bar  of  soft  iron,  surrounded 
by  a  coil  of  insulated  copper- wire ;  iir  is  a  keeper  of  soft  iron,  moving 
on  a  hinge  at  the  right :  in  the  figure  it  is  represented  in  contact 
with  the  magnet,  and  the  voltaic  current  is  supposed  to  be  passing : 
when  the  current  ceases  to  pass  the  iron  will  cease  to  be  magnetic, 
and  the  keeper  will  fall :  in  its  fall,  its  lever-arm  will  strike  against 
a  peg  on  the  lever  m,  and  liberate  the  detent  of  the  independent  train, 
by  which  the  printing  is  effected.  So  that  the  cessation  of  the  cur- 
rent and  the  printing  of  an  observation  are  synchronous. 

The  course  of  the  current  is  as  follows : — D  is  a  small  voltale 
element,  consistinff  of  a  plate  of  copper  in  sulphate  of  copper,  and  a 
porous  tube,  contauing  amalgam  of  zinc,  in  a  cell  two  in4»ies  square: 
the  current  proceeds  in  the  direction  of  the  arrows,  which  are  num- 
bered in  oitler ;  from  the  copper  of  the  voltaic  element  along  a 
covered  wire  (l),  to  the  rheoiome  £,  an  instrument,  which  will  be 
described  presently ;  then,  from  the  index  to  the  section  of  the  in- 
strument to  which  the  wire  g  is  attached ;  along  this  wire  (2)  to  the 
mercury  in  the  longer  arm  of  the  barometer  a,  which  is  syphon- 
formed  :  down  the  mercury  and  round  the  bend  (3)  of  the  barometer 
to  the  reservoirs ;  up  the  thin  wire  (A  and  5)  to  the  pulley  <f,  which 
is  affixed  to  a  metal  axis  in  metaUic  connection,  of  course,  with 
the  body  of  the  dock :  the  path  along  the  metal  work  of  the  clock 
may  be  shewn  by  the  arrow  6 ;  it  tiience  enters  the  wire  of  the 
electro-magnet ;  and,  having  traversed  this,  it  returns  to  the  zinc  of 
the  cell  by  the  wire  j.    So  long,  then,  as  tiiere  is  no  break  in  this 
circuit,  the  electro-magnet  F  will  retain  its  magnetism ;  but  an  obser- 
vation will  be  made  every  time  the  circuit  is  broken.    The  wire  4,  5, 
is  composed  of  two  parts ;  the  lower,  which  dips  into  the  mercury  of 
the  barometer,  is  a  piece  of  the  fine  steel  wire  of  which  the  balance- 
spring  of  the  smallest  watches  is  made ;  the  upper  portion  is  a  chain  of 
a  watch :  the  little  weights,  shewn  on  it  in  figure  1 ,  are  to  keep  it  in  a 
state  of  tension.    Now,  the  axis  on  which  the  pulley  d  Is  supported  is 
connected  with  the  dock-train,  and  the  chain  is  wound  up  by  it ;  so 
that,  at  certain  times,  its  terminating  wire  is  drawn  out  of  the 
mercury, — and  thus,  the  voltaic  circuit  is  broken,  the  keeper  falls,  and 
an  observation  is  made.    It  is  obvious  that  more  or  less  of  the  chain 
must  be  wound  up  before  the  point  leaves  the  mercury,  according  as 
the  mercury  of  the  barometer  is  higher  or  lower ;  and,  therefore,  if 
the  relation  between  the  position  of  the  wire  and  the  time  as  shewn 
by  the  dial  is  properly  adjusted,  the  hdght  of  the  barometer  at  a 
given  time  is  obtained. 

For  this  purpose  the  pulley  d  is  in  the  outset  made  in  such  ratio  to 
the  range  of  the  barometer,  that  in^e^  minutes  the  point  of  the  wire 
shall  pass  from  the  bottom  to  the  top  of  the  range, — a  range,  in  the 
present  instance,  of  one  inch  and  a  half.  The  axis  U  so  connected  with 
the  clock-train  that  it  winds  up  the  wire  for  a  space  oSJite  minutes ; 
and  is  then  thrown  out  of  gear  for  the  space  of  one  minute,  during 
which  time  the  weights,  assisted  by  another  wdght  e,  descend  and  re- 
store the  wire  to  its  normal  position,  ready  for  a  l^h  ascent,  and  so  on. 
So  that  the  point  of  the  wire  leaves  the  mercury,  and  an  observation 
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is  made  once  ettry  nx  wtmrnttt.    On  the  oppoaite  side  of  tiie  dock 
are  two  type-wbeds,  fir.  3,  Plate  xi.  the  motioD  of  wliicii 
aixotdg  with  tile  rise  and  fidl  of  the  above  wire :  the  first  type-i 
o  is  famished  with  fiftem  radii,  caich  bearing  a  letter ;  it 
eomplete  rerdhition  in  tiiirtj  seconds,  or  two  seeonds  fior  eadi  letter  ; 
the  seecmd  type-wtied,  p,  lun  twdre  radn,  ten  of  which  present  tiK 
digits,  and  the  other  two  are  blank ;  one  radios  of  this  imd  mc 
OB  for  a  complete  revolution  of  the  other,  or  in  tiiirtf 
that  a  compkAe  rerohttion  is  made  in  six  wamUes,  befai^  the 
time  occupied  by  the  bamneter  wire  in  nscHiding  and 
the  ten  radii,  wiUi  the  <figits,  correspond  to  the  ten  hatf-mimites  or 
Jice  minutes  of  the  ascent  of  the  wire,  and  the  two  blank  radii,  to  the 
minute  occupied  in  tibe  descent  of  the  wire,  and  during  w4iich   no 
observation  is  made.     It  is,  therdbre,  very  evident,  tiiat  if  the  Toltaie 
cdl  is  first  charged,  and  connexions  made,  and  the  dock  duly  vround 
up  and  set,  and  these  type^wheels  and  boometer  wire  placed  In  the 
normal  position,  the  letter  and  figure  shewn  by  the  wlieds  will  always 
correspond  to  a  certain  ftsie  and  a  certain  pontum  ai  the  point  of  ^e 
wire; — to  a  certain  Hme,  because  they  travel  with  the  dock-movement, 
— ^to  a  certain  potUiom  of  the  wire,  because  the  wire  travels  with  the 
same  dock-movement :  and,  during  the^ier  minutes  constitating  tiie 
complete  cyde  of  the  availaMe  motion  of  the  type-wheels,  the  point 
of  the  wire  will  pass  through  a  range  of  one  inch  and  a  half;  and 
as  the  quickest  type-wfaed  presents  fifteen  letters  per  half-mlaiitei, 
or  150  daring  the  jice  minutes,  150  different  heights  of  the  memiry 
can  be  recorded,  or  variations  equal  to  ,01  inch.    Durii^  the  eonrse 
of  the  ascent  of  the  wire,  as  alrndy  mentioned,  it  will,  at  some  point 
or  other,  leave  the  mercury ;  and,  by  thus  cutting  off  the  voitaie 
current,  will  let  the  keeper  fall  from  the  magnet,  and  set  free  tlte 
independent  train.    With  this  train  is  connected  a  hammer  a,  fig.  3, 
which  hammer  is  situated  immediatdy  behind  the  two  indirating 
radii,  and  is  now  made  to  strike  upon  them,  and  print  tiieir  indica- 
tions on  the  cylinder/,  fig.  1,  in  duplicate,  by  means  of  manifold 
paper.    The  cylinder  /  is  mounted  on  an  axis  witii  a  spiral  acrew; 
and  by  the  dock-movement  it  revolves  slowly,  and  is  giaduaUy  car- 
ried alongthe  axis ;  so  that  the  successive  observations  are  printed 
around  the  cylinder  in  a  spiral  direction. 

Now,  since  each  radius  of  the  smaller  type-whed  occupies  iwo 
seconds  in  arriving  at  its  place,  it  would  often  happen  that  the  wire 
would  leave  the  mercury  during  this  very  brief  interval,  and  the  con* 
sequence  would  be  a  blurred,  imperfect  impression ;  to  obviate  this, 
Mr.  Whbatstone  has  attached  to  the  instrument  a  speeies  of 
maintttimng  apparatus,  by  which  the  current  is  hdd  <m  for  an  instant 
after  the  wire  leaves  the  mercury,  whenever  this  happens  during  ike 
skating  of  the  type-wheel :  it  consists  oi  a  rheotome  G,  fig.  %  not 
visible  in  the  instrument  itself,  being  behind  the  plate  of  tlw  dock : 
it  is  a  drde  of  sixty  divisions,  alternately  brass  and  ivory,  witii  a 
moving  index ;  when  the  index  is  on  the  mdtal,  connection  is  retained, 
when  on  the  ivory,  it  is  broken :  the  position  of  this  instrument  is 
such  that  the  index  shall  toudi  the  metal  whenever  the  current  is  to 
be  held  on :  it  revolves  once  per  minute. 

But  it  is  well  known,  that  unless  a  keeper  is  placed  very  near  a 
magnet  it  will  not  be  attracted ;  in  order  to  accomplish  this,  a  small 
wheel  /,  fiff.  2,  is  placed  beneath  the  keeper,  and  made  to  revolve 
by  the  do»-movement :  it  is  famished  with  a  little  peg,  that  acti 
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against  a  small  lever,  and 'gradually  raises  the  keeper  toward  the 
magneti  daring  the  inactiye  minute :  as  shewn  in  the  fig^ore,  it  has 
just  eleyated  tiie  keeper  to  its  maximum ;  and  now  leavkig  it  to  be 
sustained  by  the  masnet,  it  passes  on  in  order  that  the  keeper  may 
have  free  space  to  fim  when  the  obseryation  is  made. 

From  this  description,  we  should  almost  be  led  to  expect  that  a 
separate  striking  movement  and  tjrpe-wheels  would  be  required  for 
each  instrument;  but  a  very  simple  contrivance  has  enabled  Mr. 
Whkatstonb  to  register  the  indications  of  all  the  instruments  by 
the  same  apparatus.  E,  fig.  3,  Plate  xi.  isa  rheotome,  or  eutter'Off 
qf  eurrenttf  being  a  circle  of  ten  sectors  of  brass  insulated  from  each 
other  by  ivory:  each  sector  has  a  small  brass  peg,  to  which  the 
connecting  wires  are  attached ;  the  wires  of  the  barometer,  ther- 
mometer, and  psychrometer,  occupy  three  of  these  sectors;  two 
sectors  remain  open  for  the  attachment  of  other  instruments ;  the 
remaining  five  are  in  common  connection  with  the  copper  plate  of  the 
battery:  the  metal  index  completes  the  circuit,  by  connecting  the 
right-hand  sectors  with  one  of  those  on  the  left.  This  index  makes 
a  complete  revolution  in  one  hour ;  and  passes  over  each  division  in 
six  minutes  ;  during  the  minutes,  whfeh  correspond  to  the  ascent  of 
the  wire,  it  passes  along  the  metal  sector,  and  during  the  remaining 
one  minute,  corresponding  to  the  fall  of  the  wire,  it  passes  over  the 
ivory  division  to  the  next  sector.  Now,  as  each  instrument  is  con- 
nected with  a  different  sector,  and  each  sector  is  insulated,  only  one 
instrument  at  a  iime  is  included  in  the  circuit ;  so  that,  when  the 
barometric  observation  Lb  made,  the  index  passes  on  to  the  next  divi- 
sion, and  introduces  the  psychrometer,  for  instance,  into  the  drcuit ; 
and  then  passes  on  fiurther  to  the  sector  connected  with  the  thermo- 
meter, and  so  on.  In  Plate  x.  fig.  1,  are  shewn  the  wires  h  i,  and 
pulleys,  by  which  the  two  last-mentioned  instruments  are  included  in 
the  circuit ;  the  range  of  both  is  from—  5**  to  +  95^ :  the  srale,  there- 
fore, has  a  greater  length  than  that  of  the  barometer,  and,  consequently, 
the  pulleys  are  larger,  as  shewn  in  the  figure ;  in  all  otiier  respects, 
the  arrangements  are  similar.  It  will  be  seen,  from  the  above  dncrip- 
tlon,  that  three  observations  are  recorded  in  each  eighteen  minutes, 
one  of  the  barometer,  another  of  the  thermometer,  and  the  third  of 
the  psychrometer.  The  instrument  requires  no  attention  for  a  week, 
during  which  time  it  registers  1008  observations.  The  immersion  of 
the  irire  in  the  mercury  of  the  tubes,  for  the  time  being,  slightly 
elevates  the  mercury ;  but  as  the  observation  is  not  made  until  the 
wire  is  leaving  the  mercury,  no  error  is  committed.  As  there  is  no 
necessity  that  the  circuit  should  be  completed  wi^  mercury,  there 
are  very  few  meteorological  instruments  to  which  this  rcffister  cannot 
be  applied.  It  Is  scarcely  necessary  to  remark  that  the  part  con- 
taining the  Instruments  must  be  properly  exposed.  We  have  men- 
tioned that  this  register  Is  for  the  kew  Observatory,  where,  we  hope, 
very  soon,  to  see  It  placed. 
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